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wherein : 

R 1 is C^ 2 alkyi, CVCg alkenyi, C^Cg alkynyf, C 3 -C 10 cycioalkyi, aryi, or heterocyclic radical ; 
R 2 is carbamoyi, aryi, 5- or 6-membered heterocyclic radical, 0,-0,2 alkyl-S-, 0,-C^ aikyi-S-CH*7- or 
C3-C 10 cydoalkyi-S- ; 

R 3 is aryi or 5- or 6-membered heterocyclic radical ; • ^ ' 

R 4 is R 4 -SOz or R 4 ' -CO ; 

R 4 * is aryi, C,-C, 2 alkyi. Cj-Cs alkenyi, Cz-Cg alkynyi ; C 3 -C 10 cydoaklyi, or heterocyclic radical ; 
X is CH 2 , NH, O, or S ; and 

Y is CO or NHS0 2 , wherein R\ R 2 , R 3 and R 4 ' each may be substituted with one to three 
substituents selected independently from a group consisting . of hydroxy ; halogen ; trifluoromethyi ; 
-CN ; heterocyclic radical; C T -C 6 alkyi ; C 3 -C 10 cycioalkyi ; -O-C^Cg alkyi ; Ci-Ce aikyienedioxy ; 
-CO-O-C^ alkyi ; -NHCO-C^Cq alkyi ; -S-C.-Cg alkyi ; -SO-C n -C 6 aJkyl ; -SO r C r C 6 alkyi ; -NHSO^-Cg 
alkyi ; -NR 5 R 6 ; -0-CO-NR 5 R 6 ; -CO-NR 5 R 6 ; -O-C^Cg alkyi NR 5 R 6 ; R 5 and R 6 are independentiy hydrogen, 
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This invention relates to dipeptide derivatives capable of inhibiting renin activity, processes for their pro- 
duction and pharmaceutical preparations comprising them. 

Renin (EC3.4.23.15) is a protease which catalyzes the hydrolysis of angiotensinogen into angiotensin I. 
The angiotensin I is a biologically inactive decap ptide, though it is enzymatically converted into angiotensin 
5 II by an angiotensin converting enzyme in pulmonal vascular ndotheliocytes. This system is "the renin- 
angiotensin system". The angiotensin II induces hypertension through at least two routes, that is, contractive 
action on smooth muscles of peripheral vasculare and stimulation of secretion of adrenal hormone which inhibits 
sodium ion excretion. More particularly, it stimulates the secretion of aldosterone, an inhibitor of the excretion 
of Na + ion, resulting in an increase of the volume of extracellular body fluid, rich is one of the causes of hyper- 
10 tension. Accordingly, compounds capable of depressing or inhibiting the renin-angiotensin system are expected 
to be potent anti-hypertensive substance. Many peptide analogues which seemed to be useful in the regulation 
of hypertensive diseases on the basis of renin-inhibiting activity have been developed and disclosed [for 
example, USP 4656269, EP-A-274259 and AU-A-8822959]. 

As mentioned above, the renin inhibitor inhibits the synthesis of Angiotensin I thereby depressing the re- 
ts nin-angiotensin system and lowering blood pressure. Owing to the physiological activity, renin inhibitors have 
been used in the treatment of hypertension. However, since hypertension is one of the most common disorders 
and causes many serious conditions and diseases, a development of more and more novel anti-hypertensive 
substances including renin inhibitors has been demanded to treat hypertension effectively. 

The present inventors have now discovered a class of novel dipeptide compounds capable of inhibiting 
20 the catalytic activity of renin both in vitro and in vivo. 

In particular, the present invention provides a dipeptide derivative of formula (I): 



25 



55 




30 

wherein: 

R 1 is Ci-C 12 alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl, C 3 -C 10 cycloalkyl, aryl, or heterocyclic radical; 
R 2 is carbamoyl, aryl, 5- or 6-membered heterocyclic radical, C!-C 12 alkyl-S-, Cj-C^ alkyi-S-CH 2 -, or C 3 - 
C 10 cycloalkyl-S-; 
35 R 3 is aryl or 5- or 6-membered heterocyclic radical; 

R 4 is R 4 ' -S0 2 or R 4 ' -CO; 

R 4 ' is aryl; C^C^ alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl; C 3 -C 10 cycloaklyl, or heterocyclic radical; 
X is CH 2 , NH, O, or S; and 

Y is CO or NHS0 2 , wherein R\ R 2 , R 3 and R 4 ' each may be substituted with one to three substituents 
40 selected independently from a group consisting of hydroxy; halogen; trifluoromethyl; -CN; heterocyclic radical; 
d-Ce alkyl; C 3 -C 10 cycloalkyl; -O-C^Ce alkyl; -S-C,-C 6 alkyl; -SO-C^Ce alkyl; -S0 2 -C r C 6 alkyl; C^Ce 
alkylenedioxy; -CO-O-C^Ce alkyl; -NHCO-C^Ce alkyl; -NHSQz-C^Qe alkyl; -NR 5 R 6 ; -0-C0-NR 5 R 6 ; -CO- 
NR 5 R 6 ; -O-Ci-Ce alkyl NR 5 R 6 ; R 5 and R 6 are independently hydrogen, formyl or C^Ce alkyl, or R 5 and R 6 , when 
taken together with the nitrogen to which they are attached, form a cyclic amino group or an acid addition salt 
45 thereof. 

In another aspect the present invention also provides a compound of formula (II): 



so 




■ ■■ cm 



wherein, R 1 is as defined above, and R 7 is hydrogen or an amino protecting group, which compound is useful 
as an intermediat for the production of th compound of formula (I). 
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For the purpose of the present invention, as disclosed and claimed herein, the following terms are defined 
as below. > 

The term "CrC 12 alkyT refers to a straight or branched saturated hydrocarbon radical having one to tw Iv 
carbon atoms, including methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, t-butyl, n-pentyl, isopentyl, 
5 2-methylbutyl, t-pentyl, neopentyl, isopentyl; 1-ethylpropyl, n-hexyl, isohexyl, heptyl, octyl, nonyl, decyl, und - 
cyl, dodecyl, and the like. 

The term "C r C 6 alkyl" refers to a straight or branched saturated hydrocarbon radical having one to six car- 
bon atoms as defined above. 

The term "C 2 - C 6 alkenyl" refers to a straight or branched unsaturated hydrocarbon radical having two to 
10 six carbon atoms and one or more double bonds, including vinyl, ally!, 1-propenyl, isopropenyl, 2-butenyl, 1,3- 

butadienyl, 2-pentenyl, 1-hexenyi, and the like — - - 

The term "C 2 - C e alkynyl" refers to a straight or branched unsaturated hydrocarbon radical having two to 
§|x carbon atoms and one or jrnore triple bonds, i ncl u ding ethynyl , 1-pro pynyl, 2-pro pynyl, 2^butynyi , 1 ,3-buta^ 
diynyl, 2-pentynyt, 1-hexynyl, and the like. 
15 The term "C^ - C e alkylenedioxy" refers to methylenedioxy, ethylenedioxy, triethylenedioxy, tet- 

ramethylenedioxy, pentamethylenedioxy, hexamethylenedioxy, and the like. 

The term "C 3 - C 10 cycloalkyl" refers to cyclopropyl, cyclobutyl, cydopentyl, cyclohexyl, cycloheptyl, cyc- 
looctyl, cyclononyl, cyclodecyl, and the like. 

The term "aryl" refers to aryl radicals having 6 to 1 0 carbon atoms, including phenyl, indenyl, naphthyi, and 
20 the like. 

The term "halogen" refers to halogen atoms such as fluorine, chlorine, bromine, and iodine. - 
The term "cyclic amino" refers to monocyclic or bicyclic amino groups such as pyrrolidine 2-pyrazolidinyl, 
piperidino, 1-piperazinyl, 1-indolinyl, 2-indolinyl, morpholino, and the like. , . 

This term "heterocyclic group" refers to a group of saturated or unsaturated monocyclic or condensed ring 
25 which contains one or more heteroatoms selected from nitrogen, oxygen and sulfur. Examples of heterocyclic 
groups include, for example, 2-thienyl, 3-thienyi, 2-furyl, 3-furyl, 2-pyrrotyI, 3-pyrrolyl, 2-imidazolyl, 1-pyrazolyl, 
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 3-pyridazinyl, 2-pyrazinyl, 3-triazoly I, 2-thiazolyl, 4-thiazolyl, 5-tet- 
razolyl, 3-isothiazolyl, 2-pyrrolidinyl, 2-imidazoiidinyI, 4-pyrazblidinyl, 4-piperidyl, 2-piperadinyl, 4-indolyl, 7-in- 
dolyl, 5-quinolyl, 8-quinolyl, 8-isoquinolyl, and the like. 
30 The term "5- or 6-membered heterocyclic groups" refers to 5- or 6-membered heterocyclic groups as 

defined above. 

The term "carbamoyl" refers to carbamoyl or carbamoyl substituted with one or two substituents selected 
from a group consisting of - C 6 alkyl or C 3 - C 10 cycloalkyl, for example, carbamoyl, methylcarbamoyl, 
dimethylcarbamoyl, cyclohexyl carbamoyl, and the like. 

35 In the definition of R 1 , preferred "C^C^ 2 alkyl" is methyl, ethyl, propyl, isopropyl, t-butyl, pentyl, hexyi, heptyl, 

or the like; preferred "C r C 6 alkyl" is methyl, ethyl, propyl, isopropyl, t-butyl, or the like; preferred "C 2 - C 6 alkenyl" 
is vinyl, or the like; preferred "C 2 - C 6 alkynyl" is ethynyl, or the like; preferred "C 3 - C 10 cycloalkyl" is cyclopropyl, 
cyclobutyl, cydopentyl, cyclohexyl, or the like; preferred "aryl" is phenyl; naphthyi, or the like. Preferred 
"heterocyclic group" is 5-or 6- membered heterocyclic group such as 2-thienyl, 2-furyl, 2-pyrroly I, 2-thiazolyl, 

40 4-thiazolyl, 5-tetrazolyl, 4-pyridyl, 5-pyrimidinyl, 2-pyrazinyl, 2-pyrroldinyl, 4-piperidyl, or the like or condensed 
heterocyclic group such as 8-quinolyl, or the like. 

Examples of preferable R 1 include phenyl, o-tolyl, p-toiyl, m-tolyl, 2-chlorophenyl, 3-chlorophenyl, 4-chio- 
rophenyl, 2,4-dichlorophenyl, 2,6-dichlorophenyl, 2-bromophenyl, 3-bromophenyl, 4-bromophenyl, 2,4-dib- 
romophenyl, 2,6-dibromophenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl, 2,6-dif- 

45 luoro phenyl, 2-tolufluoromethyl, 3-tolufluorom ethyl, 4-tolufiuoromethyl, 2- hydroxy phenyl, 3-h yd roxy phenyl, 4- 
hydroxyphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3,4-dimethoxyphenyl, 3,4-methylene- 
dioxyphenyl, 3-methylaminophenyl, 3-(N-formyl)methylaminophenyl, 2-dimethylaminophenyl, 3-dimethylami- 
nophenyl, 4-dimethylaminophenyl, 2-morpholinophenyl, 3-morpholinophenyl, 4-morpholinophenyl, 2-(4- 
methylpiperazyno)phenyl, 3-(4-methyl pi perazyno) phenyl, 4-(4-methylpiperazyno)phenyl, 2-acetamidophenyl, 

so 3-acetamidophenyl, 4-acetamidophenyl, 2-methylsulfonylaminophenyl, 3-methylsulfonylaminophenyl, 4- 
methylsulfonylaminophenyl, 2-isopropoxycarbonyl phenyl, 3-isopropoxycarbonylphenyl, 4-isopropoxycar- 
bonylphenyl, 2-morp hoi inocarbonyl phenyl, 3-morpholinocarbonylphenyl, 4-morpholinocarbonylphenyl, 2-mor- 
pholinocarbonyloxyphenyl, 3-morpholinocarbonyloxyphenyl, 4-morpholinocarbonyloxyphenyl, 2-morpholi- 
noethoxyphenyl, 3-morpholinoethoxyphenyl, 4-morpholinoethoxyphenyl, 2-cyanophenyl, 3-cyanophenyl, 4- 

55 cyanophenyl, naphtyl, 2-pyrrolyl, 3-pyrrolyl, 1-methyl-2-pyrrolyl, 5-tetrazolyl, 1-methyl-5-tetrazolyl, 2-furyl, 3-fu- 
ryl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 1-methyl-4-pyridyl, 2-methyl-4-pyridyl, 3-methyl -4-pyridyl, 
1-chloro-4-pyridyl, 2-chloro-4-pyridyl, 3-chloro-4-pyridyl, 1-fluoro-4-pyridyl, 2-fluoro-4-pyridyl, 3-fluoro-4-pyri- 
dyl, 2-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-methyl-2-pyrrolidinyl, 1-methyl-3- 

4 
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(g) Renin inhibiting dipeptide derivatives, their preparation and pharmaceutical preparations containing 
them. 

(i?) A novel dipeptide derivative of the following formula (I), which compound is capable of inhibiting the 
enzymatic activity of renin and thereby depressing the renin-angiotensin system and lowering the blood 
pressure, is provided. 
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wherein : 

R 1 is C1-C12 alkyl, C 2 -C6 alkenyl, C 2 -C 6 alkynyl, C 3 -C 10 cycloalkyl, aryl, or heterocyclic radical ; 
R 2 is carbamoyl, aryl, 5- or 6-membered heterocyclic radical, Cr-C^ alkyl-S-, C r C 12 alkyt-S-CH 2 -, or 
C 3 -C 10 cycloalkyl-S- ; 

.R 3 is aryl or 5- or 6-membered heterocyclic radical ; ^ ^ _ _ ^ : 

R 4 is R 4 -Sd 2 or R 4 -CO ; 

R 4 is aryl, C^C^ alkyi, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl ; C 3 -C 10 cycloaklyl, or heterocyclic radical ; 
X is CH 2 , NH, O, or S ; and 

Y is CO or NHS0 2 , wherein R 1 , R 2 , R 3 and R 4 each may be substituted with one to three 
substitu nts s lected ind pendently from a group consisting of hydroxy ; halogen ; trifluoromethyl ; 
-CN ; heterocyclic radical ; C^-C G alkyl ; C3-C10 cycloalkyl ; -0-Ci-C 6 alkyl ; C r -C 6 alkylenedioxy ; 
-CO-O-Ci-Ce alkyl ; -NHCO-C r C 6 alkyl ; -S-C r C 6 alkyl ; -SO-C r C 6 alkyl ; -SOs-C^Ce alkyl ; -NHSO^C^Ce 
alkyl ; -NR 5 R 6 ; -0-CO-NR 5 R 6 ; -CO-NR 5 R 6 ; -0-C r C 6 alkyl NR 5 R 6 ; R 5 and R 6 are independently hydrogen, 
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pyrrolidine, 2-piperidyl, 3-piperidyl,4-piperidyl, 1-methyl-2-piperidyl, 1-methyl-3-piperidyl, 1-methyl-4-piperidyl. 
8-quinolyl, methyl, ethyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, h xyl, heptyl, octyl, dimethylaminomethyl, 
morpholinomethyl, 1-morpholinoisopropyl, 1-morpholinoethoxyisopropyl, 1-piperidinomethyi; cyclopropyl, cyc- 
lopent ne, cyclohexyl, cycioheptyl, cyclooctyl, 2-morpholinocyclohexyl, 3-morpholinocyclohexyl, 4-morpholi- 
nocyciohexyl, 2-m thylaminocycloh xyl, 3-methylaminocydohexyl, 4-methyiaminocyclohexyl, 2-dimethylami- 
nocyciohexyl, 3-dimethylaminocyclohexyl, 4-dimethylaminocyclohexyl, and the like. 

Examples of preferable R 2 include 5-membered heterocyclic groups containing two heteroatoms such as 
two nitrogen atoms, nitrogen and oxgen atoms, or nitrogen and sulfur atoms, for example, 4-imidazolyl f 4-thia- 
zolyl, 4-oxazolyl, or the like, wherein said heterocyclic group may be substituted with methyl, ethyl, isopropyl, 
tert-butyl, amine, methylamine, dimethyiamine, diethylamine, 1-pyrrolidinyl, piperidino, or the like; C1 - C12 al- 
kyl-S- such as methylthio, ethylthio, cydohexyithio, or the like; C1-C12 alkyl-S-CH2- such as methytthiomethyl, 
or the like; carbamoyl or substituted carbamoyl such as methylcarbamoyl, dimethylcarbamoyl, or the like. 

Examples of preferable R 4 include sulfonyl or carbonyl substituted with methyl, ethyl, isopropyl, 
dimethylamino, tert-butyl, N-morpholino or N-morpholinomethyl, or the like. 

Examples of more preferable R 1 are shown below. 





Me 




-CH 



/CH 3 
N CH 3 







CB 3 
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10 ^^K. 

Especially preferred compounds are those wherein R 2 is an optionally substituted 5- or 6-membered 
heterocyclic group; R 3 is an optionally substituted aryl; R 4 is morpholinosulfonyl; and X is NH. 
15 The pharmaceutical^ acceptable acid addition salts of compounds of formula (I) include salts derived from 

a mineral acid such as hydrochloric acid, sulfuric acid, p-toluenesulfonic acids, or the like; carboxylic acid such 
as oxalic acid, maleic acid, citric acid, or the like. Preferable acid addition salts are those derived from mineral 
acid such as hydrochloric acid, sulfuric acid, toluenesulfonic acid, and the like. 

All the compounds of the present invention are novel and can be prepared according to either of two pro- 
20 cesses described below on the basis of what Y represents. 

Process I 



25 



Preparation of compounds wherein Y is CO 

The process is schematically shown as below. 



30 



35 



40 



45 



50 



55 



7 



EP 0 468 641 A2 



Step 1 
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Step 2a 



[4] 




HO OB 

[7] 
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Step 2b Step 2c 




[14] ■ ^ [19] 




55 
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In the above reaction schemes, R 1 , R 2 and R 3 are as defined above, R 2 ' is optionally protected R 2 and R 7 
is amino-protecting group. 

The amino protecting group which is shown by R 7 can be selected from those groups generally used in 
peptide synthesis. Examples of amino protecting groups include benzyloxycarbonyl (it is referred to as Z), 2,6- 
dichlorobenzyloxycarbonyl (Z(CI)2), 4-nitro benzyloxycarbonyl ({Z(NO£), 4-methoxybenzyloxycarbonyl 
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(Z(OMe)), t-butoxycarbonyl (Boc), t-amyloxycarbonyl (Aoc), isobornyloxycarbonyl, adamantyloxycarbonyl 
(Adoc), 2-(4-biphenyl)-2-propyloxycarbonyl (Bpoc), 9-fluorenylmethoxycarbonyl (Fmoc), methylsul- 
fonylethoxycarbonyl (Msc), trifluoroacetyl, phtalyl, formyl, 2-nitrophenylsuIf nyl (NPS) ( diphenylphos- 
phinothioyl (Ppt), dimethylphosphinothioyl (Mpt), and the like. 

Examples of the optionally protected R 2 shown by R? are 4-imidazoyl, 4-aminothiazolyl and R 2 as defined 
above, which are optionally protected with a group selected from benzyl (Bzl), benzyloxycarbonyl (Z), 
toluenesulfonyl (tosyi or Ts), trimethylsilyl (trityl, Trt), dinitrophenyl (Dnp), 2,2,2-trifluoro-1-benzyloxycar- 
bonylaminoethyl (Tfz), 2,2,2-trifluoro-1 -t-butoxycarbonyl (TfBoc), adamantyloxycarbonyl (Adoc), piperidinocar- 
bonyl, t-butoxycarbonyl(Boc), and the like. 

Step 1 - *— ■ - - - - - - 

_1 . Preparation otCompound [3] by. Aldol Reaction ______ _ _ , 

a) The optically active aldehyde [1], a required starting compound, can be prepared from, for example, Boc- 
L-phenylalanine using any of known methods described in literatures such as 1 > (T. Shioiri et al., J. Org. Chem. 
52:1252 (1987) and J. Boger et ai., J. Med. Chem. 28:1779 (1985K. 

The aldol condensation between an aldehyde [1] and a ketone [2] is carried out by a novel stereoselective 
method of the present invention. The reaction is conducted using metal amide, as a base, in an organic solvent 
in the presence of a crown ether at a temperature of about -78°C. Amides which may be used include sodium 
bis-trimethylsilylamide (NaN(TMS)2), potassium bis-trimethytsilyiamide (KN(TMS)2), lithium diisopropylamide, 
lithium bis-trimethylsilylamide, and the like. Crown ethers which may be used include 15-crown-5, 12-crown-4, 
18-crown-6, and the like. Although all the combinations of amides and crown ethers described above are suited 
for the stereoselective aldol reaction of the invention, certain combinations are especially preferable in con- 
nection with the stereoselectivity of the product [3] which is expressed by the ratio of the product of 2S form to 
2R form, i.e., diastereo-selectivity, 2S:2R. Thus, NaN(TMS) 2 , when used in association with 15-crown-5, gives 
the most favorable result shown by the 2S:2R value of about 2.4 to about 16.0, while other amides, when used 
alone or in combination with a crown ether, give inferior results shown by the 2S:2R value of less than 2. 

Solvents which may be used include ethers such as diethyl ether, tetrahydrofuran (THF), dimethoxyethane, 
and the like with a preference for THF. When toluene is used, the stereoselectivity may be relatively decreased! 

The reaction is carried out at a temperature ranging from about -20 to about -1 00°C, preferably about -78°C; 

b) Alternatively, the stereoselective aldol condensation reaction can be carried out using metal alkoxide 
as a base in an inert solvent in the presence of a quarternary ammonium salt at a temperature of about -78°C. 

Metal alkoxides which may be used include potassium t-butoxide (t-BuOK), potassium t-amyloxide 
(Et(Me) 2 COK) or sodium ethoxide (EtONa), and the like. 

Quarternary ammonium salts which may be used include tetrabutyl ammonium bromide ((n-Bu) 4 NBr), tet- 
ramethyl ammonium bromide ((Me)4NBr), tributylbenzylammonium bromide (Bn(n-Bu) 3 NBr), and the like. All 
the reagents are suited to the stereoselective aldol reaction of the invention and the best result can be obtained 
by the combination of t-BuOK and n-Bu 4 NBr giving the 3S/3R value of about 3.3 - 6.5. This method is useful 
even in the absence of quarternary ammonium salt and gives the ratio of 3S/3R of about 3 to 5. 

Solvents which may be used include THF, toluene, dichloroethane, dichloromethane, and the like with a 
preference for dichloromethane. When THF or toluene is used, the stereoselectivity may be decreased. The 
reaction can be conducted under a similar temperature as described in above a). 

2) Separation of Stereoisomer (1S, 2S) [4] 

The desired stereoisomer [3]-(2S) can be separated from a mixture of isomers shown by formula [3] by a 
known resolving procedure, for example, a column chromatography on silica gel. For the purpose of the inven- 
tion, the desired isomer can be conveniently separated by reacting the mixture [3] with 2-methoxypropene or 
2,2-dimethoxypropane in the presence of a catalytic amounts of p-toluene sulfonic acid or pyridinium p-toluene 
sulfonate in a solvent such as THF or dichloroethane at a temperature ranging from room temperature to the 
refluxing temperature for about 1 to 8 hours to obtain a product containing a mixture of ring-closed compounds 
[4] and [5] which differ in the crystallizing properties from a certain solvents. Thus/when the product is recrys- 
tallized from ethyl acetate or diisopropyl ether in which the desired stereoisomer [4] is hardly soluble and the 
undesired isomer [5]-(2R) is soluble, the former can be separated as a crystalline solid, while the latter remains 
in the mother liquor. A column chromatography on, for example, silica g I, can b us d when the compound 
[4] is not easily separated by recrystallization. The so obtained compound [4] in (1S, 2S) form is a novel and 
useful compound as an intermediate for the production of the compound (I). 
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Alternatively, the product [3], without furth r treatment to form acetonide, can be directly subjected to a 
column chromatography on silica gel to yield the stereoisomer [3]-(2S) ( which is then converted into dihydric 
alcohol of formula [7]. 

5 Step 2a 

Before the deprotection of C1 amino group, the compound [4] should be reduced to avoid the possibility 
of ring closing reaction between the deprotected amino group and the C4 carbonyl group. The reducing reaction 
can be carried out using any of known methods in the art. However, it is efficiently conducted by reacting a 

10 solution of the ketone [4] in ethanol, methanol, THF or toluene with a reducing reagent such as sodium borohy- 
drate, L-seiectride or Red-AI at room temperature or under cooling for about 0.5 to 2 hours. Preferably, the latter 
reagent is used slightly in excess, that is, about 1 .0 to 1 .3 mole to 1.0 mole of ketone [4]. The resultant product 
[6], a mixture of diastereoisomers ( 1:1 to 3:1), is used in the next deprotection step without further purification. 
The deprotection of amino group can be carried out using any of following procedures. When the protecting 

is group is Boc, and the like, the compound [6] is deprotected by dissolving into THF or dioxane, adding 6N HCI 
thereto, and stirring at room temperature for about 1 to 4 hours. Alternatively, the compound [6] is treated with 
an acid such as aluminium chloride, trifluoroacetic acid or formic acid in the presence of anisole to yield the 
dihydric aminoalcohol [7]. 

When the protecting group is a member of benzyloxycarbonyl groups such as benzyloxycarbonyl (hereinaf- 

20 ter, it is referred to as Z), 2,6-dichlorobenzyloxy carbonyl (Z(CI)2), or 4-nitrobenzyioxycarbonyl ((Z(NO^) f the 
deprotection can be effected by catalytic reduction using palladium-containing catalyst, and the like. When the 
protecting group is Fmoc (9-fluorenylmethoxycarbonyl), Msc (methylsulfonylethoxycarbonyl), or the like, the 
deprotection can be effected by treating the compound [6] by piperidine, diethyiamine, or the like. 

The resulting dihydric alcohol of formula [7] is subjected to the next condensation reaction without purify 

25 cation. The condensation can be carried out using any procedure generally used in the field of peptide synth- 
esis. For example, to a solution of compound [7] in an appropriate solvent such as dichloromethane is added 
commercially available N-Boc-amino acid [8] or its DCHA salt, and the mixture is allowed to react at room tem- 
perature for about 1 to 4 hours in the presence of a slight excess of a coupling reagent such as 1 .0 to 1.3 mole 
equivalent of diethyl cya no phos phosphate (DEPC) and, if desired, a tertiary amine such as N-methyl mor- 

30 pholine to obtain a coupled compound [9]. Examples of coupling reagents are DCC, EDC, DEPA, BOP, DCC- 
HOBt, DCC-HOSu, ethyl chlorocarbonate, isobutyl chlorocarbonate, isopropyl chlorocarbonate > r diethyl 
chlorophosphate, diphenyl chlorophosphate, 2-chloro-4,6-dimethoxy-1,3,5-triazine, and the like. The com- 
' pound [8] may be protected at the heterocyclic ring with a protecting group generally used in the field of peptide 
synthesis. ,v» 

35 The resultant diastereisomer [9] is also converted into the corresponding ketone [10] without separation 

by dissolving the compound [9] into dichloromethane or DMF, adding about 3 to 10 times amounts of active 
manganese dioxide to the mixture and reacting at room temperature for 2 to 8 hours. This reaction proceeds 
very smoothly when fine crystal starting material [9] is used. The characteristic of this reaction is that the hyd- 
roxyl group at the C4 position of benzyl compound can be selectively oxidized. 



40 



50 



Step 2b 



Compound [10] can be also prepared through an aldol reaction according to a procedure described in step 
1 from a starting compound [2] and a dipeptide aldehyde of formula [14] obtainable from a corresponding dipep- 
45 tide alcohol in the same manner as that used for the preparation of compound [1]. The reaction however pro- 
ceeds without stereoselectivity and differs from that of step 1 in this regard. The product being a 1:1 mixture 
of compound [10] in 2S and 2R isomers, chromatographic procedure is required for the separation of desired 
[1 0]-(2S)-isomer. The characteristic of the method of step 2b is that it is applicable when the method of above 
step 2a is not effective because a compound resists the selective oxidization with manganese dioxide. 



Step 2c 



The compound [10] can be prepared by reacting a chloromethyl ketone of formula [19] with an amine. The 
characteristic of the method of step 2c is that it is useful in the introduction of ^substituted methylketone residue 
55 to the C-terminal moiety. 
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Step 3 

The deprotection of ketone compound [10] can be carri d out in the same manner as described in the pre- 
paration of amino dihydric alcohol [7] from compound [6]. For example, when the protecting group is Boc, it is 

5 carried out by adding excess aluminium chloride to an anisole solution of compound [1 0] and stirring the mixture 
for about 1 to 3 hours at a temperature ranging from ice-cooled temperature to room temperature. The depro- 
tection can also be effected by treating the compound [10] with either of excess trifluoroacetic acid in anisole 
or 6N HCI in THF to yield the desired compound [1 1], The resultant ketone [1 1 ] with carbonyl group at the C4 
position is novel and important as an intermediate for preparing the compound of formula (I) of the present inven- 

10 tion. 

Step 4 



The compound [11] is reacted with sulfonyl propionic acid derivatives, N-sulfamyl, N-carbamoyl, or N-acyl 
is amino acid of formula [1 2] which can be prepared according to a known method such as described in a literature 
( J.LStanton et al., J.Med.Chem. 31:1839 (1988)) under a condition for the coupling reaction and then depro- 
tected if necessary to give the desired compound (IA) as the final product. 

The coupling reaction is preferably conducted using 1 .0 to 1 .3 mole equivalent of diethyl cyanophosphonate 
(DEPC) in the presence of N-methyl morpholine (NMM) in a solvent such as dichloromethane at room tem- 
20 perature for about 1 to 8 hours. Examples of coupling reagents are DCC t EDC, DEPA, BOP, DCC-HOBt, ethyl 
chlorocarbonate, isobutyl chlorocarbonate, isopropyl chlorocarbonate, diethyl chlorophosphate, diphenyl 
chlorophosphate, 2-chloro-4,6-dimethoxy-1 ,3,5-triazine, and the like. 

The deprotection of the compound [13] is carried out using any of known procedures depending on the 
protecting group. When the protecting group of R 2 ' is tosyl, it can be carried out by stirring a mixture of a solution 
25 of compound [13] in DMF in the presence of 5 to 12 mole equivalent of pyridiniurrV hydrochloride at room tern- 
perature for about 1 to 4 hours. The deprotection can be effected by means of trifluoroacetic acid (at 15°C for 
about 30 minutes), HBr/acetic acid (at room temperature for about 30 minutes), conc.ammonia (at room tern- 
perature for about 1 hour), conc.HCI, or the like. 

30 Process li 

Preparation of compounds (I) wherein Y is NHSO? 

The process is schematically shown as below. 

35 . \ 

Step 1 
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Step 2 
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[25] 




40 In the above reaction schemes, R\ R 2 , R 3 , R 4 and R 7 are as defined above. 

Step 1 

The optically active aldehyde [1], a required starting compound, can be prepared in the same manner as 

45 described in above Process I. 

The preparation of cyanhydrin [20] from aldehyde [1] is carried out substantially in accordance with a pro- 
cedure described in the literature. Thus, the aldehyde [1] is allowed to react with an acidic sodium sulfite to 
obtain an additive, which is then reacted with KCN in ethyl acetate at room temperature to yield the cyanhydrin 
[20] stereoselectively (2R/2S = 3/1). The product is then resolved into each stereoisomer by column 

so chromatography on silica gel. The desired (2R)-isomer is a crystalline solid and can be purified by re crystalli- 
zation while the undesired (2R)-isomer is an oil. Therefore, alternatively, the desired product [20]-2R can be 
obtained conveniently by adding a seed crystal to the reaction mixture, collecting the precipitate, and recrys- 
tallizing from a solvent before subjecting to the chromatography. 

The cyanhydrin [20] is then converted into an amino alcohol [21 ] by reducing the nitrile group. The reduction 

55 is carried out effectively by dissolving cyanhydrin [20] into an ethereal solvent, preferably THF, adding about 
2 to 2.5 mole of lithium aluminium hydride thereto. The resulting amino alcohol [21] is then, without purification, 
reacted with sulfonyl chloride [22] to obtain sulfonyl amide of formula [23], The reaction is conducted by reacting 
the amino alcohol [21] and sulfonyl chloride [22] in an appropriate solvent such as dichloromethane in th pr - 
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sence of tertiary amine such as triethylamine at room temperature for overnight. 
Step 2 

5 The deprotection of compound [23] can be carried out in a similar manner as describ d in the above Pro- 

cess I. The deprotected compound [24] is, without purification, dissolved into an appropriate solvent such as 
CH 3 CN. or the like, and subjected to a condensation with N-protected-amino acid [8] in the same manner as 
the coupling reaction described in the above process I to yield a dipeptide analogue [25]. 

10 Step 3 



The compound [25] is then deprotected in the similar manner as that used for the deprotection of compound 
[23] in the above Process II, step 2. The product [26] is, without purification r subjected to the condensation reac - 
tion with a modified carboxylic acid [12] in exactly the same manner as described in Process I to obtain the 
15 final product [IB]. 

As can be seen from the above reaction schemes, the present invention provides a dipeptide in which one 
peptide bond is formed through a coupling reaction between, for example, a free carboxyl group of an amino- 
protected amino acid and an amino group of an amino dihydric alcohol of formula [7] prepared from an oxazoli- 
dine derivative of formula [4]. The compound [4], an important intermediate for preparing the compound of for- 
20 mula (I), is obtained by a stereoselective aldol condensation method of the present invention. The other peptide 
bond is formed by a coupling reaction between a carboxylic group of, for example, sulfony! propionic acid of 
formula [12] with a free amino group of a deprotected amino ketone [1 1] such as histidine as can be seen in 
the step 4. 

As will be hereinafter described in the Experiment, the compounds of the invention have been demonstrated 

25 to be an effective renin inhibitor, whereby they suppress the renin-angiotensin system (one of the in vivo causes 
of hypertension) and lower blood pressure. The compounds of the invention are low in toxicity and useful in 
the treament of hypertension or cardiac dysfunction through their renin inhibitory activity. The compounds may 
be administered either orally or parenterally. It is a characteristic benefitof the compounds that they are effective 
even when orally administered. 

30 When the compounds of the invention are used to treat re n in-associated disorders, a therapeutically effec- 

tive amount of acompound of formula (I) is formulated into a composition of an appropriate form by known pro- 
cedures using pharmaceutical^ acceptable carriers, diluents, or excipients. The administration may be con- 
ducted orally, intranasally, intravenously, subcutaneously, or the like. 

For preparing composition for the administration, an active compound (I) is mixed with one or more standard 

35 adducts such as excipient, stabilizer, or inert diluent, and the like. The mixture is then formulated into an approp- . 
riate form such as a tablet, coated tablet, hard gelatin capsule, or an aqueous, alcoholic or oily suspension, or 
an aqueous, alcoholic or oily solution. Examples of inert excipients which can be used include various cyc- 
lodextrins, preferably p-cyclodextrin, acacia gum, magnesium carbonate, potassium phosphate, lactose, glu- 
cose, magnesium stearyl fumarate, starch, and the like. Either of dry or wet granules can be used. Examples 

40 of oily excipients or solvents include vegetable oil such as sunflower oil and fish liver oil. 

For subcutaneous or intravenous administration, an active compound or a pharmaceutical^ acceptable salt 
thereof is dissolved, dispersed or emulsified into an appropriate solvent with the aid of any substances generally 
used in such a purpose, for example, solubilizing agent, emulsifying agent, or other adjuncts to obtain solutions, 
suspensions or emulsions. 

45 Examples of appropriate solvents include water, physiological saline, alcohols such as ethanol, propa- 

nediol or glycerol, a sugar solution such as a solution of glucose or mannitol, or a mixture thereof, or Tween 
80. Examples of solubilizing agents include above-mentioned cyclodextrins, preferably p-cyclodextrin. 
The abbreviations used are as follows: 

Boc = tertiary-butoxycarbonyl; Red-Al = sodium bis(2-methoxyethoxy)aluminium, L-Selectride = lithium 

so tri-sec-butylborohydride; Boc His(Ts).DCHA = N*-Boc-N*-tosyl-L-histidine dicyclohexylamine; BOP = benzot- 
riazol-1-yl-oxy-tris-(dimethylamino)phosphoniumhexafluorophosphate; 
DCC-HOBt = dicyclocarbodiimide-1-hydroxybenzotriazole; 
DCC-HOSu = dicyclohexylcarbodiimide-N-hydroxysuccineimide; 
DEPC = diethyl cyanophosphonate; NMM = N-methylmorpholine; 

55 PPTS = pyridinium paratoluenesulphonate; 

Tala = (4-thiazolyl)-L-alanine; rt = room temperature; 
Ts = tosyl; TMS = trimethylsilane; 
DMAP = 4-dimethylaminopyridine; 
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DC HA = Dicyclohexyl amine; 

DCC = Dicyclohexylcarbodiimide; 

EDC = 1-Ethyl-3-(3dimethy1aminopropyi)carbodiimide; 

DEPA = Diethyl phosphorylazide; 

BOP = Benzotriazol-1-yl^xy-tris(dimethylamino)-phosphonium hexafiuorophosphate 

The following Examples further illustrate the compounds of the invention and the processes for preparing 
the same. The Examples are not intended to be limiting to the scope of the invention in any respect and should 
not be so construed. Unless otherwise noted, the NMR spectra were measured in CDCI 3 at 200 MHz (internal 
standard = TMS) and IR spectra in CHCI 3 . All amino acid used are L-isomers. 

Preparation 1 . 

3-Boc-4-(S)-cyclohexylmethyl-2,2-dimethyl-5(S)-[2-oxo-2-(4-pyridyl)ethyl3oxazolidine [4a] 



NaN(TMS) 2 

— 

15-crowh-5 

THF, -78°C 

or b) t-BuOK, 

n-BiuNBr. CH 2 C1 2 . -78t 





p-TsOH-H 2 0 
dichloroetharie, 

reflux for 7hrs 




[4 a] (crystal) [5 a] 

R 1 = 4 —pyridyl 
R 7 =Boc 



1. a) To a 36ml (36mmo1, 1.5eq) solution of 1N NaN(TMS) 2 in THF is added a solution of 4.34g (36mmol, 
1.5 eq) of 4-acetylpyridine [2a] in 20ml of THF at -78°C over 10 minutes under nitrogen atmosphere. After 10 
minutes stirring, a solution of 7.898g (36mmol, 1.5 eq) of 15-crown-5 in 10 ml of THF is added thereto and stirred 
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for 5 minutes. To the mixture is added 6/|08g (24 mmol) of N-Boc-L-cyclohexylalaninal [1a] in 50ml of THF 
over 1 5 minutes and stirred for 1 hour at -78°C. the reaction mixture is added to a mixture of saturat d aqueous 
solution of ammonium chloride and ethyl acetate with stirring and extracted three times with thyl acetat . The 
extract is washed with saturated brin , dried over magnesium sulfate and concentrated to dryness in vacuo . 
s The r sidue, upon purification by column chromatography on silica gel (elu nt; dichloromethane/methanol = 
98.5:1.5) gives N-Boc-1 (S)-cyciohexylmethyl-2-hydroxy-4-oxo-4-(4-pyridyl)butylamine [3a] (5.94g; yield = 
66.0%) as a colorless powder. The product is a mixture of compound of 2(S)-isomer (desired isomer) and 2(R)- 
isomer (the ratio of 2(S) : 2(R) = 5.24 : 1). 

b) To a stirring solution of 32g (125.3mmol) of N-Boc-L-cyclohexylalaninal [1a], 22.8g (188mmol, 1.5eq) 

10 of N-acetylpyridine, and 60.6g (188mmol, 1.5eq) of tetrabutyl ammonium bromide in 700ml of dichrolomethane 
- is added each one fourth portions of t-BuOK (21.1 g in total, 188mmol, 1.5eq.) at 10 minutes interval under cool- 
ing at -78°C and the stirring is continued for another 1 .5 hours at the same temperature. The reaction mixture 

- — — is added to a mixture of saturated aqueous ammonium chloride and dichloromethane with stirring and extracted- 
three times with dichloromethane. The extract is treated with citric acid to purify the basic substances to obtain 

15 a crude product [3a] (37g; yield = 79%; 2(S)/2(R) = 7:1). 

2. a) To a solution of 5.908g (15.7mmol) of purified alcohol [3a] in 50ml of THF are added 2ml (20.9mmol, 
1.3 eq) of 2-methoxypropene and 299mg (1.57mmol, 0.1eq) of p-toluen*esulfonic acid monohydrate and the 
mixture is heated to reflux for 4 hrs. The reaction mixture is concentrated under reduced pressure, and the resi- 
due is alkalified with 4% sodium bicarbonate and extracted 3 times with dichloromethane. The extract is washed 

20 once with saturated brine, dried over magnesium sulfate, and concentrated to dryness. The residue is decol- 
orized by column chromatography on silica gel using a short column (eluent; dichloromethane/acetonitrile = 
5:1 ) and recrystallized from ethyl acetate to obtain 4.66g (yield = 68.6%) of the title compound [4a] as a col- 
orless solid. ' 

b) A mixture of 72g (195.6mmol) of the crude alcohol [3a], 150ml (122.0mmol, 6.2eq) of 2,2-dimethoxyp- 

25 ropane and 2.73g (14.4mmol, 0.073eq) of p-toluenesulfonic acid monohydrate in 150ml of dichloroethane is 
heated to reflux for 16 hours. After cooling, the mixture is made basic with 4% aqueous sodium bicarbonate 
and extracted 3 times with dichloromethane. The extract is washed once with saturated brine, dried over mag- 
nesium sulfate, and concentrated to dryness in vacuo . The crude product, upon recrystallization from isopropyl 
ether, gives 23.5g (29.5%) of the compound [4a] as a white crystal. The mother liquor, when treated by column 

30 chromatography on 300g of silica gel (ejuent; dichloromethane/ethyl acetate = 7:1) and recrystallized in the 
same manner as above, gives 2.5g (3.1%) of compound [4a]. 
m.p. = 115- 116°C 
[a] D = -18.5° (C=1.0 CHCI 3 ; 23.5°C) 

IRvmax(CHCI 3 ):1692, 1596, 1557, 1477, 1450, 1172, 1086 cm- 1 
35 NMRS (CDCI 3 ):1 .48(9H,s), 1 ,52(3H,s), 1 .60(3H,s), 0.78-1 .90(1 3H,m), . 3.14(1 H,dd,J=1 6.8,6.8Hz), 
3.41(1 H,dd,J=16.7,6.1 Hz), 3.84(1 H,m), 4.52(1 H,t like m), 7.73(2H,m), 8.83(2H,m) 
Elemental analysis (as C^H^IS^O^ 
Calcd.(%): C:69.20; H:8.71; N:6.73 ' 
Found (%): C:69.20; H:8.75; N:6.76 

40 r 

Preparation 2-20 

Compounds [4], the desired stereoisomers, were prepared according to the method described in above 
Preparation 1 by preparing compound [3a] and separating the desired isomer [3]-(S) therefrom. The results are 
45 shown in the following Table 1. Among the compounds listed in the Table 1, compound Nos. 13 and 14 are 
separated chromatographically because the corresponding compounds of formula [4] do not crystallize under 
the conditions used. 
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Preparation 21 

Boc-His(Ts)-1 (S)-cyciohexylmethyl-2(S)-h^^ [1 Oa] 



KaBH 4 




[ 9 a] ClOa] R» = 4 -pyridyl 

R r = 1 -tosyl- 
4 -iiidazolyl 
R 7 =Boc 



To a 3-Boc^-(S)-cyclohexylmethyl-2,2-dimethyl-5(S)-[2-oxo-2-(4-pyridyl)ethyl]oxazo 
11.18mmo!) is dissolved in ethanol (20ml) is added sodium borohydride (508mg, 13.42mmol) with stirring and 
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ice-oooling and the mixture is allowed to r act at room temperature for one hour. Th solv nt is remov d in 
vacuo. To the residue are added ice water and saturat d aqueous ammonium chloride, and the mixture is ext- 
racted with dichloromethane three times. The organic layer is washed with saturated aqueous sodium chloride, 
dried over MgS0 4 , and vaporated to dryness in vacuo to obtain 3-Boc-4(S)-cydohexylmethyl-2,2-dimethyl- 
5(S)-[2-hydroxy-2-(4-pyridyl)ethyl]oxazolidine [6a] (4.88g, quantitative amount) in colorless powder. The pro- 
duct is then, without further purification, dissolved in THF (2ml), and 6N HCI (16ml) is added thereto, and the 
mixture is stirred at room temperature for one hour. The reaction mixture is neutralized with 6N NaOH, alkaiified 
with sodium bicarbonate, and then extracted five times with dichloromethane containing 10% methanol. The 
extract is dried over MgS0 4 and evaporated to dryness in vacuo to obtain 1 (S)-cyclohexylmethyl-2(S), 4-dihyd- 
roxy-4-(4-pyridyf)butylamine [7a] (3.3g, quantitative amount, diastereomer ratio 1:1) in colorless powder. The 
product (3.30g) is then, without further purification, dissolved in dichloromethane (100ml). To the solution are 
added Boc-His(Ts).DCHA [8a] (8.3g, 14.05mmol, 1.3eq) and diethyl cyanophosphonate (2.29g, 14.05mmol, 
-T.3eq), and the mixture is stirred for 6 hours at room temperature.-The reaction mixture is evaporated to dryness^ 
in vacuo, and the residue is purified with silica gel chromatography (CH 2 CI 2 :MeOH = 95:5) to obtain Boc- 
His(Ts)-1(S)-cyclohexylmethyl-2(S), 4-dihydroxy-4-(4-pyridyi)butylamide [9a] <6.00g, 80%) as a mixture of two 
diastereomers. The product [9a] may be used in the following reaction without separation of the two isomers. 

To the solution of product [9a] (1 .bg, 1 .45mmol) in dichloromethane (3ml) is added Mn0 2 (5g) at room tem- 
perature, and the mixture is stirred for six hours. The resultant black suspension is filtered on a Celite layer 
overlaid with active carbon, and insoluble material on the layer is thoroughly washed with CH 2 CI 2 -MeOH (10:1). 
The filtrate is evaporated to dryness in vacuo and purified with silica gel chromatography (CH 2 CI 2 :MeOH = 95:5) 
to obtain the title compound [10a] (683mg, 69%) in colorless powder. 

NMR 6(CDCI 3 ): 1.34(9H,s), 0.70-2.20(1 3H,m), 2.45(3H,s), 2.99(2H,m), 3.03(1 H,dd,J=17.8,2.3Hz), 
3.34(1H,dd,J=17.8,9.6Hz), 4.04(1 H,ddd,J=8.7,8.7,8.7Hz), 4.23(1H,m), 4.30(1 H,ddd,J=5.8,5.8,5.8Hz) 
6.16(1H,m), 6.47(1H,d,J=10Hz), 7.11(1H,s), 7.36(2H,d,J=8Hz), 7.80(2H,m), 7.81(2H,d,J=8.6Hz), 7.92(1H,s), 
8.82(2H,d,J=5Hz) 

IR v(CHCI 3 )max cm-i; 3680, 3420, 3300(br), 1700, 1670, 1625, 1598, 1555, 1492, 1450, 1410, 1385 
1370, 1180, 1080, 1010 

Preparation 22 




DEPC 

CH 2 Ci?2 [17a] 
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10 



LiBH« 



THF-EtOH 
0~rt 
l-2h 



8 7 -NH 




[18a] 



15 



20 



25 



30 



35 



S0 3 -pyr 
DHSO 

Et 3 N 
rt lh 



KN(TMS) 2 

18-crown-6 
THF. -78 6 C 



R 7 -NH' 




40 



R 7 : Boc 



A solution of N-Boc-3-cyciohexyl-alanine methyl ester [15a] (4.00g, 13.93mmol) in THF (10ml) is stirred in 
the presence of 6N HCi (40ml) at room temperature for four hours. The reaction mixture is made alkaline with 
powdery sodium bicarbonate and extracted with dichloromethane containing 5% methanol (100 ml x 4). 

45 The extract is dried over MgS0 4 and evaporated to dryness in vacuo to quantitatively obtain 3-cyc- 

lohexylalanine methyl ester [16a] as an oil. The product is then, without further purification, dissolved in 
dichloromethane (50ml). To the solution are added Boc-His(Ts).DCHA [8a] (10.7g, 18.11mmol, 1.3eq) and 
diethyl cyanophosphonate (2.95g, 18.1mmol, 1 .3eq), and the mixture is stirred for 1 .5 hours at room tempera- 
ture. The reaction mixture is subjected to silica gel chromatography (SiO 2 :300g, CH 2 CI 2 :MeOH = 99:1) to give 

50 a purified Boc-His(Ts)-3-cyclohexylalanine methyl ester [17a] (7.43g, 93%) as an oil. To a solution of the dipep- 
tide ester [17a] (3.0g, 5.2mmol) in THF (6ml) and ethanol (6ml) is added a 2N solution of lithium borohydride 
in THF (3ml, 6mmol) with stirring and ice-cooling. After 20 minutes stirring, the mixture is allowed to react at 
room t mperature for an additional one hour. The solvent is removed in vacuo and to the residue is added ic 
water and saturated aqueous ammonium chloride followed by extraction with dichloromethane (20ml x 3). The 

55 organic layer is washed with saturated aqueous sodium chloride, dried over MgS0 4 , evaporated to dryness in 
vacuo and the residue is purified by silica gel chromatography (Si0 2 : 200g, CH 2 CI 2 :MeOH = 98:2) to obtain 
Boc-His(Ts)-3-cyclohexyl-alaninol [18a] (2.06g, 72%) as an oil. 

To a mixture of the dipeptide alcohol [18a] (2.0g, 3.65mmol), triethylamine (1 .30g, 12.85mmol, 3.5eq) and 
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DMSO (6ml) is added at room temperature S0 3 *pyridin (2.03g, 12.75mmol, 3.5eq) in DMSO (6ml) and the 
mixture is stirred for 35 minutes. The reaction mixture is poured on ice, and the resultant aqueous mixture is 
extract d with thyl acetate (20ml x 3). The organic layer is subsequently washed with 10% aqueous citric acid, 
saturated aqueous sodium chloride (x 2), 7% aqueous sodium bicarbonate, and saturated aqueous sodium 
5 chloride, dried ver MgS0 4 , and concentrated to dryn ss in vacuo . The resultant residue is purified with silica 
gel chromatography (SiO 2 :100g, CH 2 CI 2 :MeOH = 95:5) to obtain Boc-His(Ts)-3-cyclohexylalaninal [14a] 
(1 .67g, 84%) in amorphous powder. 

To a 0.5N potassium bis-trimethylsilylamide solution in toluene (9.2ml, 4.60mmol, 2.5eq) is added dropwise 
at -78°C cyclohexyl methyl ketone (0.58g, 4.60mmoi, 2.5eq) in THF (9ml) with stirring under a nitrogen atmos- 
10 phere over 10 minutes. After 20 minutes stirring at the same temperature, 18-crown-6 (1.216g, 4.60mmol, 
2.5eq) in THF (10ml) is dropwise added to the mixture over two minutes. Further/ the dipeptidealdehyde [14a] 
(t.Og, 1.83mmol) in THF (10ml) is dropwise added over 15 minutes at -78°C, and the mixture is stirred for one 

_hour at the same temperature. -The reaction isquenchedby adding a solution of acetic acid (0 ; 60gM0mmolr- 

5.5eq) in THF (1 0ml) and after the addition of saturated aqueous ammonium chloride (30ml) the mixture is exi- 
ts racted with ethyl acetate (50ml x 3). The organic layer is washed with saturated aqueous sodium chloride, dried 
over MgS0 4 , concentrated to dryness in vacuo , and purified with silica gel chromatography (Lobar column, 
CH 2 CI 2 :MeOH = 95:5) to obtain Boc-His(Ts)-1(S)-cyclohexylmethyl-2(S)-hydroxy-4-oxo-4-cyclohexyl-butyla- 
mide [10b] (0.18g, 15%) in amorphous powder. 

NMR 6: 1.30-1.90(23H,m), 1.40(9H,s), 2.32(1H,m), 2.44(3H,s), 2.59(2H,m), 2.93(1 H,dd,J=5.8,9.6Hz), 
20 3.04(1 H,dd,J=5.8,9,6Hz), 3.89(1 H,ddd ( J=8.4,8.4,8.4Hz), 3.98(1 H,m), 4.30(1 H,ddd,J=6.0,6.0,6.0Hz), 
6.12(1H,d,J=6.0Hz), 6.47(1 H,d,J=9.8Hz), 7.iO(1H t d,J=0.8Hz), 7.36(2H,d,J=8.0Hz), 7.81(2H,d,J=8.4Hz), 
7.93(1 H,d,J=1.2Hz) 



25. 
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To a solution of cyclostatine methyl ester [27a] (700mg, 3.05mmol), Boc-(4-thiazolyl)-L-alanine [8c] 
(869mg, 3.19mmol, 1.05eq), and HOBt (431mg, 3.19mmol, 1.05eq) in CH 3 CN (10ml) is added DCC (660mg, 
3.20mmol, 1.05eq) with stirring and ice-cooling under nitrogen atmosph re and the mixture is stirred for 1.5 
hours at the same temperature and then allowed to react at room temperature for 14 hours. Ethyl acetate is 

5 added to th mixture, and precipitated crystals were filter d off. Th filtrate is concentrated to dryness in vacuo 
and the residue is subjected to silica gel chromatography (SiO 2 :100g, NH 4 OH:MeOH:CH 2 Cl2 = 1:10:990) to give 
the aimed product, Boc-{4-thiazolyl)alanyl-cyclostatine methyl ester [28a] (830mg, 59%) as an oil. 

To the solution of the above product [28a] (830mg, 1.72mmol) in MeOH (2ml) is added 1N LiOH (1 .9ml, 
1 .9mmol, 1 .1eq) with stirring and ice-cooling. The mixture is stirred for 10 minutes and allowed to react at room 

10 temperature for two hours. After neutral substances are removed by washing with dichloromethane, the mixture 
is acidified with citric acid and is extracted with ethyl acetate. The organic layer is dried over MgS0 4 , and con- 
centrated to dryness in vacuo to obtain the aimed carboxylic acid [29c] (700mg, 87%). 

To a mixture of the above carboxylic acid [29a] (700mg, 1.67mmoi)and N-methylmorpholine (0.17ml, 
1.67mmol) in THF (10ml) is added isobutyl chlorocarbonate (0.2ml, 1.67mmol) with stirring at a temperature 

15 of -15°C - -10°C under nitrogen atmosphere, and the resultant mixture is stirred for 50 minutes at the same 
temperature. After precipitated crystals are removed by filtration, to the filtrate is added a solution of 
diazomethane (2.2eq) in ethyl ether previously prepared at -10°C and allowed to reaet at room temperature 
for 3 hours. The reaction mixture is concentrated in vacuo to remove diazomethane and ethyl acetate (10ml) 
is added to the residue. After addition of 2N HCl (3ml) at -40°C - -30°C, the mixture is allowed to react for one 

20 hour. The reaction mixture is alkalified by addition of saturated aqueous sodium bicarbonate and the ethyl ace- 
tate layer is separated. The layer is dried over MgS0 4 and concentrated to dryness in vacuo to obtain 800mg 
of crude chloromethyl ketone [19a]. Since the product tends to get colored and decomposed, it is immediately 
used in the next step without purification. 

To a solution of the above product [19a] (400mg) in MeCN (5ml) are added morpholine (150mg) and a 

25 catalytic amount of Nal, and the mixture is stirred at room temperature for two hours. The reaction mixture is 
purified by chromatography to give the aimed compound, Boc-(4-thiazoiyl)alanyl-1(S)-cyclohexylmethyl-2(S)- 
hydroxy-4-oxo-4-(N-morpholino)methyl-butylamide [10c] (Z=0) (120mg, 29% starting from [29a]). 
NMRS: 0.6-2.00(1 3H,m), 1.43(9H,s), 2.55(4H,m), 3.22(2H,dd,J=4.6,14.8Hz), 3.26(2H,s), 3.43(1 H,dd, J= 
5.4,14.8Hz), 3.76(4H,m), 3.89(1H,m), 3.94(1 H,m), 4.44(1 H,ddd,J=6.2HzX3), 6.38(1 H,d,J=9.8Hz), 6.48 (1H, d, 

30 J=7.5Hz),7.13(1H,d,J=1.8Hz), 8.79(1 H,d,J=2Hz) 

Preparation 24 

In the same manner as in Preparation 23, Boc-(4-thiazolyl)alanyl-1(S)-cyclohexylmethyl-2(S)-hydroxy-4- 
35 oxo-4-(N-piperidino)methyl-butylamide [10d] (Z^CH^ is obtained with an overall yield of 29%. 

NMRS: 0.6-1.83(19H,m), 1.44(9H,s), 2.46(4H,m), 3.15(2H,s), 3.20(1H,dd,J=5.6,14.8Hz), 3.44(1H, dd, J= 
5,14.8Hz), 3.89(2H,m), 4.47(1H,m), 6.41(1H,bs), 6.43(1 H,d,J=9.8Hz), 7.12(1H,d,J=1.8Hz), 8.78 (1H, d, J= 
1.8Hz) 

40 Preparation 25-50 

Starting from the compounds [4] which have been prepared in Preparations 2-20, the ketone compounds 
[10] are obtained in the same manner as in Preparation 21. The thus obtained products are listed in Table 2. 

45 Preparation 51-57 

The aldol reaction between dipeptides [14] and methyl ketones [2] gives ketone compounds [10] in the 
same manner as in Preparation 22. The thus obtained products are listed in Table 3. 
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Preparation 58 



IO r^ RS CH 2 Cl 2 \^R 3 DINLiOH 

R 4 -Ci" + H 2 N^ C00E DMAP > R 4 -NeA C0()E Me0H 

r.n V r. . NMM 80M/2h 

[30a] [31a] 79% [32a] g.g x 



S)or tO/AcoH 



-^ R3 R 3 = phenyl 

~R 4 ^NH^QoOfl — R 4 -CN-l^honw)^rf6~nyor 



[12b] 



E =CH 3 



To a suspension of methyl ester of L-phenylalanine hydrochloride [31a] (4.31 g, 20mmol) in 
dichloromethane (50ml) are added N-methylmorpholine (6.7g, 66mmol, 3.3eq). N-Morpholinosulfonyl chloride 
[30a] (4.44g, 24mmol, 1.2eq) in dichloromethane (4ml) and subsequently DMAP (244mg, 2.0mmoi, 0.1eq) and 
the mixture is stirred overnight at room temperature. The reaction mixture is washed with 1N HCI and H 2 0 and 
the dichloromethane layer is dried over MgS0 4 and concentrated to dryness in vacuo . The residue is subjected 
to silica gel column chromatography (Si0 2 : 1 10g t CH 2 Ci 2 :MeOH = 20:1) to obtain the compound [32a] (5.16g f 
79%). . . 

(i) To a solution of the compound [32a] (2.666g ( 8.1mmol) in MeOH (12ml) is added 1N LiOH (12ml, 
1 2mmol , 1 .5eq) and the mixture is stirred at 80°C for 30 minutes. After removal of MeOH in vacuo , the reac- 
tion mixture is washed with ethyl acetate. The mixture is then treated with active carbon, adjusted to pH 2 
- 3 with 1N HCI, and extracted with ethyl acetate. The extract is washed with saturated aqueous sodium 
chloride, dried over MgS0 4 , and concentrated to dryness in vacuo . The residue is recrystallized from ethyl 
acetate/n-hexane to colorless needles of N-(N-morpholino)sulfonyl-phenylalanine [12b] (2.267g, 89%). 
m.p. 164 - 6°C (decomposition) 

(ii) To the compound [32b] (E=Et) (920mg, 2.7mmol) are added 6N HCI (9.2ml) and acetic acid (2ml) and 
the mixture is heated with stirring on an oil bath of 100°C for one hour. After cooling, the reaction mixture 
is concentrated to dryness in vacuo . The residue is made alkaline by dissolving into saturated aqueous 
sodium bicarbonate. The aqueous solution is washed with dichloromethane (10ml x 3), treated with active 
carbon, and neutralized with 6N HCI. The solution is then made acidic up to pH 3 by addition of 10% 
aqueous citric acid and extracted with ethyl acetate (50ml x 3). The organic layer is washed with saturated 
aqueous sodium chloride (x 2), dried over MgS0 4 , and concentrated to dryness in vacuo to give the com- 
pound [12c] as a crystalline residue (620mg, 74%). Recrystallization from dichloromethane/isopropyl ether 
affords white crystals (543mg, 64%). m.p. 157 - 158°C. 

[a] D =-17.7±0.6°(C=1.0; MeOH; 25.0°C) 

IRvmax(cm-i): 3320, 3200-2600(br), 1750, 1603, 1585, 1500, 1455, 1400, 1352, 1300 

NMR(5): 2.93(5H,m), 3.17(1H,dd,J=5.2,14.2Hz), 3.54(4H,m), 4;1 1(1H,dd,J=5.2,8.6Hz), 7.30(5H,m) 
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Preparation 59 



C00H ClCOOiBu 
Boc-NH^C00CB 3 EtOH Boc-NH<— C00CH 3 lo2 



^. COOBn 10x p d / C ^ 
-NH^COOCB, EtOH Boc-NH 
[33a] tt*^ 



COOCOOiBu Et 2 0 .C0CH 2 C* 

Boc-NH-^cOOCHa Boc-NH^COOCH 
[35a] i)2N-HC<?/AcOEt . [36a] 



3 



"- CS> " 1 ' > INLiOH, MeOH 



20 CaC0 3 




C£ . Boc-NH -^COOCH 2 
[37a] 



Boc-NH^COOH 



[8b] 
M = H 

35 a) A solution of methyl ester of N-Boc-co-benzyl-L-aspartic acid [33a] (52.7g, 0,156mmol) in a mixture of 

water (10ml), acetic acid (10ml) and methanol (150ml) is subjected to a catalytic reduction in the presence of 
10% Pd-C (4.0g) under an atmosphere of hydrogen gas at room temperature. The reduction is conducted with 
stirring and under atmospheric pressure. After a 3-hour reaction, the catalyst is filtered off and the filtrate is 
evaporated to dryness in vacuo . The residue is dissolved in saturated aqueous sodium bicarbonate and the 
40 aqueous layer is washed with dichloromethane (50ml x 3), made acidic with citric acid (about pH3), and ext- 
racted with ethyl acetate (200ml x 4) while salting out with the addition of sodium chloride. The ethyl acetate 
layer is dried over MgSG 4 and concentrated to dryness in vacuo . Trituration of the residue with the addition of 
n-hexane affords the carboxylic acid [34a] (37. 5g, 98%) as a white solid. 
. To a solution of the above product [34a] (18.8g, 76mmol) and N-methylmorpholine (7.8g, 77.1mmol, 1 .Oeq) 
45 in ethyl ether (200ml) is added isobutyl chlorocarbonate (9.92ml, 76.5mmol, 1 .Oeq) over 10 minutes at a tem- 
perature between -1 5°C and -1 0°C under nitrogen atmosphere, and the mixture is stirred at the same tempera- 
ture for 30 minutes. Precepitated methylmorpholine hydrochloride is filtered off, and the filtrate is added to a 
solution of diazomethane in ethyl ether which has previously been prepared from nitrosomethylurea (37g, 
359mmol) with stirring at -10°C over 5 minutes. After 2.5-hour stirring at room temperature, the mixture is con- 
so centrated in vacuo to remove excessive diazomethane. To the mixture is added ethyl acetate (150ml) and then 
dropwise added 2N HCI/ethyl acetate (45ml) at a temperature betwen -40°C and -30°C. After 30-minutes stir- 
ring, the mixture- is neutralized with saturated aqueous sodium bicarbonate. The ethyl acetate layer is sepa- 
rated, dried over MgS0 4 , evaporated to dryness jn vacuo , and subjected to silica gel chromatography (Si0 2 : 
150g, AcOEt:CH 2 CI 2 = 6:1) to obtain the chloromethyl ketone [36a] (20.3g, 95%) as an oil. 
55 To a solution of the above compound [36a] (40.3g, 144.1 mmol) in MeCN (160ml) are added CaC0 3 (28g, 

280mmol, 1.9eq) and thioformamide (HCSNH 2 , 14g, 229.1mmol, 1 .6eq) and the mixture is stirred at room tem- 
peratur for 18 hours under nitrogen atmosphere, insoluble materials are filtered off and the filtrate is concen- 
trated to dryness in vacuo . The residue is dissolved in dichloromethane, subsequently washed with 7% aqueous 
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sodium bicarbonate, 1N NaOH, and water, two tim s each, to remove non-reacted thiofbrmamide. The 
dichioromethane layer is dried over MgS0 4 , concentrated to dryness in vacuo , and subjected to silica gel 
chromatography (Si0 2 : 370g, M CN:CH 2 CI 2 = 1 :7) to obtain (4-thiazolyl)alanine derivativ [37a] (29.15g, 71%) 
as an oil. 

To the solution of above product [37a] (29.1g, 101. 6mmoI) in m thanol(120ml) is added IN LiOH (112ml, 
112mmol, 1.1 eq) with stirring and ice-cooling and the mixture is stirred for ten minutes at the same temperature 
and allowed to react an additional one hour at room temperature. The reaction mixture is concentrated in vacuo 
on a water bath below 30°C to remove methanol and the residue is washed three times with dichioromethane. 
The aqueous layer is treated with active carbon, and citric acid to adjust the pH to 3, and extracted with ethyl 
acetate (150ml x 3). To the organic layer washed two times with saturated aqueous sodium chloride are added 
MgS0 4 and active carbon, the mixture is filtered and the filtrate is concentrated to dryness in vacuo to obtain 
crystalline crude product [8b] (26.96g, 97%). Recrystallization of the product from n-hexane provides pure pro- 

j3uct[8b] (26.2g, 95%). m.p. 96 - 98°C^ ^ ^ ! _ 

[a] D =-4.2°(c=2; MeOH; 24°C) 

NMR(8): 1.47(9H,s), 3.41(1H,dd,J=5.6,14.6Hz), 3.56(1 H,dd,J=3.4,11.0Hz), 4.59(1 H,m), 3.60(1 H t d,J=3.6Hz) 
7.14(1 H,d,J=2Hz), 8.94(1 H,d,J=2Hz) 



b) 



0 

aCOOiPr rncMKPr _ !!. 

NMM 



[34a] — — * fioc-NH 



COOCOOiPr CR2 4 Me2 



To£ Boc-Mf"cOOCH 3 To^-.DMSO 



[35a] 



9 : 1 



0 

/C0GH=SMe 2 i)HC4 ^C0CH 2 C£ 

i — * X 

Boc-NH^c00CH 3 n) A Boc " NH COOCH 3 C8b] 
[38a] [36a] 

i) Preparation of carbonic anhydride 

To a solution of compound [34a] (500mg, 2.02mmol) and N-methylmorpholine (225mg, 2.22mmol, 1.1eq) 
in toluene (4ml) is added isopropyl chlorocarbonate (0.254ml, 2.22mmol, 1 .1eq) with stirring at a temperature 
between -15°C and -10°C under nitrogen atmosphere and the mixture is stirred at the same temperature for 
one hour to separate out N-methylmorpholine hydrochloride. 

ii) Preparation of Corey reagent (dimethylsulfoxonium methylide) 

To a suspension of trimethylsulfoxonium iodide (1.024g, 4.65mmol) in toluene (9ml) and DMSO (1ml) is 
added potassium t-butoxide (522mg, 4.65mmol, 1 .Oeq) with stirring under nitrogen atmosphere, and the mixture 
is heated with stirring on an oil bath at 70 - 75°C for 30 minutes. Orange crystals turn to grayish white crystals. 

The carbonic anhydride solution obtained in the above step i) is charged in a dropping funnel with a cotton 
stopper. The solution is dropwise added to the Corey reagent prepared in the step ii) from the funnel with stirring 
and ice-cooling under nitrogen atmosphere over 10 minutes and the mixture is stirred at room temperature for 
one hour. The mixture is filtered and the filtrate is extracted with water (1 0ml x 3). The aqueous layer is extracted 
with dichioromethane (10ml x 4). Each extract is washed with water, dried over MgS0 4 , and concentrated to 
dryness in vacuo to obtain 600mg of crude product. Chromatography (Si0 2 : 40g, 3.5% MeOH/CH 2 CI 2 ) of the 
crude product gives the aimed ylide compound [38a] (554mg, 85%) as an oil. 

To a solution of the ylide [38a] (3.16g, 9.83mmol) in dichloroethane (26ml) is added 2N HCI/ethyl acetate 
(4.92ml, 9.84mmol) with stirring at -10°C and the mixture is stirred for one hour. The mixture is warmed on an 
o.l bath of 1 00°C. Although precipitates (HCI addition product) separate out after two minutes, they redissolve 
after 3.5 minutes. When the solution becomes turbid after 6 minutes, the solution is cooled immediately to ter- 
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minate the reaction and the reaction mixture is subjected to silica gel chromatography (Si0 2 : 1 5g, AcOEt:CH 2 CI 2 
= 1:7) to obtain chloromethyl k tone [36a] (2.308g, 84%) as a crystal substanc . 

A suspension of the above product [36a] (2.308g, 8.25mmol). HCSNH 2 (1.26g, 20.62mmol, 2.5 q) and 
CaC0 3 (2.475g, 24.75mmol, 3eq) in dichloroethane (23ml), is stirred at room t mperature for 15 hours under 
nitrogen atmosphere. After addition of Nal (62mg, 0.414mmol f 0.05eq), the mixture is stirred for an additional 
two hours. Insoluble materials are filtered off and washed with dichloromethane. The filtrate and washings are 
combined and subsequently washed with saturated aqueous sodium bicarbonate, 1N NaOH, and H 2 0 (x 2). 
Chromatographic treatment of the solution in the same manner as described in the foregoing process a) pro- 
vides (4-thiazolyl)-L-alanine derivative [37a] (1.878g, 80%) as an oil. 

To a solution of the above compound [37a] (3.1 6g, 11.04mmol) in methanol (6ml) is added with stirring 
and ice-cooling 1N LiOH (13ml, 13mmol, 1.18eq) and the mixture is stirred at room temperature for one hour. 
Similar procedure as disclosed in the process a) provides crude product [8b] (2.9g f 97%). Recrystallization of 
the product from ethyl ether/n-hexane gives pure product [8b] (2.6g, 88%) as colorless crystals, m.p. 110 - 
1 12°C. [a] D =-4.8 (c=2.0; MeOH; 25°C) 

Preparation 60 and 61 

N-sulfamylamino acids [12] listed in Table 4 are prepared from the compounds [30] in the same manner 
as disclosed in Preparation 58. 

Preparation 62 and 63 

2-Substituted (4-thiazolyl)-L-alanines [8] listed in Table 5 are prepared from the compounds [36] in the 
same manner as disclosed in Preparation 59. 
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Preparation 64 



X® 

R 7 -NH^CH0 



10 



15 



[la] 




i)NaHS0 3 /H 2 0 

i)KCN, H 2 0. 
AcOEt 
100X 



R 7 -NH 



US0 2 V 

NH, [22a] 



HO 



B 7 - NH 



HO 



[20a] 



R 7 - NH 



Et 2 0 




NHS0 2 R l 



Et 8 N. CH 2 C* 2 



HO 



[21a] 



[23a] 



20 



R 7 = Boc R l = N ,0 



25 



30 



. 35 



40 



45 



To the aldehyde compound [1a] (10.08g, 39.5mmol) is added NaHS0 3 (10.08g) in water (70ml) and the 
mixture is stirred with ice-cooling for 16 hours. The resultant solution is stirred at room temperature for 4 hours 
after addition of KCN (6.3g) in water (16.8mj) and ethyl acetate (137ml). The ethyl acetate layer is separated 
from the reaction mixture, washed with saturated aqueous sodium chloride, dried, and concentrated. The resi- 
due is subjected to column chromatography using Lobar column Size C (CH 2 CI 2 :acetone = 19:1). Resultant 
product is recrystallized from hexane to give the aimed product [20a] (6.51g, 58%). 

The product [20a] (3.56g, 12.6mmol) in anhydrous THF (50'ml) is added dropwise to a suspension of LiAIH 4 
(574mg, 1.2mol) in anhydrous THF (30ml) with stirring and ice-cooling over 30 minutes. The mixture is stirred 
at 0°C for an additional one hour. A small amount of ethyl acetate and ice water are added to the mixture to 
separate out inorganic materials. The insoluble materials are filtered, and the filtrate is concentrated in vacuo 
and then purified with silica gel chromatography (Si0 2 : 120g, CH 2 CI 2 :MeOH:NH 4 OH = 80:20:2). The aimed 
compound [21a] (2.21g, 61%) is thus obtained. 

To a solution of the compound [21a] (12.49g, 43.6mmol) in anhydrous dichloromethane (200ml) are added 
triethylamine (8.8g, 2.0eq) and morpholinosulfonyl chloride (10.1 g, 1.25eq) and the mixture is stirred at room 
temperature for 3 hours and concentrated in vacuo . The residue is dissolved in ethyl acetate, washed with 
water, dried, and evaporated to remove the solvent. The residue is purified with silica gel chromatography (Si0 2 : 
200g,.CH 2 CI 2 :MeOH:NH 4 OH = 90:10:1). The aimed compound [23a] (18.16g, 95%) is thus obtained 
NMR(S): 0.70-1 .85(1 3H,m), 1 .45(9H,s), 3.02(1 H.m), 3.1 8(5H,m), 3.72(6H,m), 4.62(1 H.d, J=9.2Hz), 5.58(1 H.bt) 

Preparation 65-74 

The compounds [23] listed in Table 6 are prepared in the manner as taught in Preparation 64. 
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A mixture of the compound [23a] (18.16g, : 41.6mmol) ( THF (1 50ml) f and 6N HCl (150ml) is stirred at room 
temperature for 4 hours. The reaction mixture is made alkaline with Na 2 C0 3 and saturated aqueous NaHC0 3 

30 and extracted with a mixture of dichloromethane and methanol (9:1). The organic layer is dried and evaporated 
to dryness in vacuo . The residue is subjected to silica gel column chromatography (Si0 2 : 100g, 
CH 2 CI 2 :MeOH:NH 4 OH = 80:20:2). The compound [24a] (14.0g, quantitative amount) is thus obtained. 

To a solution of the above compound [24a] (14.0g, 416mmol) in acetonitrile (200ml) are added 4-thiazo- 
lyl-L-alanine [8b] (12.09g, 1.1eq) and HOBt (7.04g, 1.25eq) with ice-cooling. To the mixture is added DCC 

35 (11.18g, 1.3eq) and the resulting mixture is stirred for one hour at 0 °C and one hour at room temperature. The 
reaction mixture is filtered after addition of ethyl acetate and the filtrate is concentrated in vacuo . The residue 
is subjected to silica gel column chromatography (Si0 2 : 600g, CH 2 CI 2 :MeOH:NH 4 OH = 90: 10:1) to give the pro- 
duct [25a] (24. 5g, quantitative amount). 

NMR(5): 0.70-1.80(13H,m), 1.45(9H,s), 2.45(1H,bs), 2.98(2H,m), 3.18(4H,m), 3.30(2H,m), 3.75(5H,m), 
40 4.02(1 H,m), 4.46(1 H t ddd,J=6.4Hx3), 5.72(1 H,bt,J=6.6Hz), 6.16(1 H,d,J=6.4Hz), 6.36(1 H,d,J=9.2Hz) f 
7.15(1H,d,J=1.8Hz), 8.82(1 H,d,J=2Hz) ^ 

Preparation 76-86 

45 Compounds [25] listed in Table 7 are prepared according to the procedure disclosed in Preparation 75. 
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Example 1 

3-t-Buty1sulfonyl-2(S)-phenylmethy1propionyl-H^^ 
tylamide [la] 

1 ) Hts(Ts)-1 (S)-cyclohexylmethyl-2(S)-hydroxy-4^xo-^(4-pyridyl)butylamide [1 1 a] 



10 



15 



20 



25 




Clla] R , = 4-pyridyl 

30 

R 1 = 4 — pyridyl 

R 2 ' = 4 — tosylimidazolyl 

R 7 : Boc 

35 * 

Boc-His(Ts) 1(S)-cyclohexylmethyl-2(S), hydroxy-4-oxo-4-(4-pyridyl)butylamide [10a] (1.31g, 1.96mmol) 
prepared in Preparation 21 is dissolved in anisole (13ml). To the solution is added trrfluoroacetic acid (13ml) 
with stirring and ice-cooling and the mixture is stirred at room temperature for one hour. After evaporation of 
the reaction mixture to dryness in vacuo , ice is added to the residue and the mixture is washed with ethyl ether. 

40 The aqueous layer neutralized with 3N NaOH and adjusted to pH8by addition of powdered Na 2 C0 3 is extracted 
with dichloromethane three times and finally extracted with a mixture of dichloromethane and methanol (10:1). 
The organic layer is washed with saturated aqueous sodium chloride, dried over MgS0 4 and evaporated to dry- 
ness in vacuo . The residue is purified with silica gel chromatography (CH 2 CI 2 :MeOH = 95:5) to obtain the aimed 
crude product (850mg, 73%). Recrystallization of the crude product from ethyl acetate provides the title com- 

45 pound [11a] (750mg, 65%) as a needle crystal. m.p.161-162°C 

NMR(S): 0.75-1. 80(13H,m), 1 .98(1H,br.s), 2.44(3H,s), 2.73(1 H,dd,J=14.8,8.2Hz), 2.95-3.24(3H,m), 3.65(1H, 
dd,J=8.4,4.2Hz), 4.02(1 H,m), 4.27(1 H,m), 7.12(1 H,d,J=1 .2Hz), 7.36(2H,d,J=7.8Hz), 7.53(1 H,d,J=l0Hz), 7.70 
(2H,m), 7.81(2H ( d,J=8.4Hz), 7.92(1 H,d,J=1 .4Hz), 8.79(2H,m) 
IR vmax(CHCI 3 )crrr 1 :3680, 3340, 1690, 1654, 1602, 1593, 1515, 1475, 1450 

so Elemental analysis(as C^h^NsOeS) 

Calcd.: C:59.01; H:6.75; N:11.87; S:5.43 

Found : C:59.12; H:6.69; N:1 1.68; S:5.21 - - ^ 
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2) 3-t-Butylsulfonyl-2(S)-ph nylm thylpropionyl-His(Ts) 1(S)-cyclohexylmethyl-2(S)-hydroxy-4-oxo-4-(4-pyri- 
dyl)butylamide [13a] 




[12a] 



[11a] 




R 4 = t-butylsulfonyl 
R 3 = phenyl 
X=CH 2 



R l = 4 -pyridyl 
R 2 ' = l-tosyl — 
4 — imidazolyl 



To a solution of the ketone compound [11a] (334mg, 0.57mmol) in dichloromethane (1ml) are added 3-t- 
butylsulfonyl-2(S)-phenylmethylpropionic acid (220mg, 0.76mmol, 1.3eq), N-methylmorpholine (77mg, 
0.76mmol, 1.3eq), and then DEPC (124mg, 0.76mmoi, 1.3eq) and the mixture is stirred at room temperature 
for four hours. The reaction mixture is evaporated to dryness in vacuo and subjected to silica gel 
chromatography (CH 2 CI 2 :MeOH = 95:5) to obtain the title compound [13a] (418mg, 89%) as colorless powders. 
NMR 5: 0.70-2.10(14H,m), 1.33(9H,s), 2.43(3H,s), 2.70 -3.28(8H,m), 3.45(1 H,dd,J=12.9,9.4Hz), 4.00(1H,m), 
4.18(1 H,m), 4.53(1H,ddd,J=5.8,5.8,5.8Hz), 6.34(1H,d,J=10Hz), 7.17(1 H,d,J=1 .2Hz), 7.22(5H,m), 7.34 (2H. d, 
J=8.4Hz), 7.81(2H,d,J=8.5Hz), 7.85(1 H,d,J=1.2Hz), 7.75(2H,d,J=6.0Hz), 8.81(2H,d,J=5.9Hz) 
IR vmax(CHCI 3 ) cm-i:3680, 3470, 3370, 1665, 1600, 1520, 1450, 1172, 1112, 1075 

x 3) 3-t-Butylsulfonyl-2(S)-phenylmethylpropionyl-His 1(S)-cyclohexylmethyl-2(S)-hydroxy-4-oxo-4-(4-pyridyl) 
butylamide [la] 




R* = t-butylsulfonyl 
X=CH 2 . 



[Ia] 



R 1 = 4 - pyridyl 
R 2 = 4 — imidazolyl 
R 3 = phenyl 
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To a solution of the protected compound [13a] (740mg, 0.89mmol) obtained in the above step 2) in DMF 
(4ml) is added pyridinium hydrochloride (1030mg, 8.87mmol, 10.0eq) and th mixtur is stirred at room tem- 
perature for two hours. The reaction mixture is adjusted to pH 7 - 8 by addition of ice and 4% aqueous NaHC0 3 
and extracted thre times with dichloromethane. The organic layer is washed with saturated aqueous sodium 
5 chloride, dried over MgS0 4l and concentrated to dryness in vacuo . The r sidue is purified with silica gel 
chromatography (CH 2 CI 2 :MeOH:cohcNH 4 OH = 950:50:1) to obtain the title compound [la] (543mg, 90%). Tritu- 
ration of the residue with diisopropyl ether gives colorless powders. 

NMR 8: 0.67-1 .83(1 3H,m), 1.33(9H,s), 2.86(1H,d,J=13.5,8.4Hz), 2.97(1 H,dd,J=1 3.0,9.8Hz), 3.10(5H,m), 
3.26(1H,m), 3.56(1 H,dd,J=1 3.0,9.8Hz), 4.02(1H,m), 4.20(1H,m), 4.56(1 H,ddd,J=6.3,6.3,6.3Hz), 6.44 (1H, d, 
10 J=10Hz), 6.90(1 H ( s), 7.24(4H,m), 7.48(1 H,s), 7.46(1 H,bs), 7.70(2H,m), 8.78(2H,m) 

[a] D =-22.5°(C=1.0; MeOH; 23°C) IR vmax(CHCI 3 )ciTr 1 :3460, 3360(br), 1662(1690sh), 1603, 1496, 1450, 1410, 
1115 

Elemental analysis (as C3eH49N 5 OeS.3/4H 2 0) 
Calcd.: C:62.36; H:7.34; N:10.10; S:4.62 
15 Found : C:62.42; H:7.33; N:10.21; S:4.49 

Examples 2-52 

The same procedure as disclosed in the steps 1) and 2) in Example 1 is repeated using, as the starting 
20 material, the compounds [10] prepared in foregoing Preparations 21-58, and the compounds [1 1] and [13] listed 
in Tables 8 (compound [11]) and 9 (compound [13]) are obtained. The compounds [13] (for example, compound 
[13] of No. 23> wherein R 1 or R 2 is not protected correspond to the compounds (I) of the invention. Where the 
substituent R 2 is protected, the compounds [13] are deprotected according to the procedure as disclosed in 
Step 3) in Example 1 to obtain the final products (I), which are listed in the following Table 10. 
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Examples 53 




n o eo 

• \ ' ' ■■ • . ' 

To the compound [25a] (24.5g, 41.6mmol) are added anisole (89.7g, 20eq) and anhydrous 
dichloromethane (250ml). To the mixture is dropwise added triflubroacetic acid (250ml) with stirring and ice- 
cooling over 30 minutes, and the mixture is stirred at room temperature for one hour. The reaction mixture is 
concentrated in vacuo, made alkaline with Na 2 C0 3 and saturated aqueous sodium bicarbonate, and extracted 
with a mixture of dichloromethane and methanol (9:1). The organic layer is washed with water, dried over 
MgS0 4 , and evaporated to dryness in vacuo . The residue is subjected to silica gel chromatography (Si0 2 : 600g, 
CH 2 CI 2 :MeOH:NH 4 OH = 90:10:1) to obtain the compound [26a] (14.63g, 72%). 

To the above compound [26a] (11.04g, 22.5mmoi) are added N-(morpholinosulfonyl)phenylalanine [12a] 
(8.5g, 1.2eq), HOBt (3.96g, 1.25eq) f and anhydrous CH 3 CN (200ml). To the mixture is added DCC (6.05g, 
1 .3eq) with stirring and ice-cooling, and the mixture is stirred at 0°C for one hour and then at room temperature 
for an additional one hour. To the reaction mixture is added ethyl acetate and it is then filtered. The filtrate is 
concentrated in vacuo and subjected to silica gel chromatography (Si0 2 : 600g, CH 2 CI 2 :MeOH = 97:3). Relevant 
fractions are combined and treated with isopropyl ether to give the compound [lb] (16.33g, 92%). 
Elemental analysis (as CsaH^NyOgSs O^SHsO.I.OCHsClz) 
Calcd.: C: 49.20; H: 6.57; N: 12.13; S 11.90 
Found : C: 49.05; H: 6.20; N: 1 1 .92; S 1 1 .78 
[a] D =-22.5 (c=1; MeOH; 24°C) 

IR: 3370, 2720, 1665, 1530, 1510, 1454, 1340, 1330, 1260, 1155, 1113, 1073, 943 

NMR(S): 0.72(3H,m), 1.12(6H,m), 4.16(1 H,bd f J=8Hz), 1.62(3H,bd,J=8Hz), 2.21(1H,bs), 2.47(2H,m) 2 74 (1H 
<*d,J=10.14Hz),2.80-3.33(4H,m),3.2^ 

d,J=5.4Hz), 5.64(1 H,t,J=6.8Hz), 6.55(1 H,d,J=9.2Hz), 7.19(1 H,d,J=1.2Hz), 7.35(5H,m), 8.90(1 H,d,J=1.2Hz) 
9.40(1 H,d,J=6.8Hz) ' ■ 

Examples 54-71 

In accordance with substantially the same procedure as disclosed in Example 53, the compounds of the 
invention listed in Table 11 are obtained. 
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R nin inhibition potency of the compounds (I) of th invention was determined in vitro and in vivo according 
to the procedure described in the following Experiments. 

Experiment 1 Potency in vitro 

Commercially available lyophilized human plasma (Ortho, Bi-Level Plasma Renin Control) was renatured 
by dissolving in water. Angiotensinogen was allowed to react with intrinsic renin contained in the renatured 
plasma to generate angiotensin I (Al), which was quantitatively measured with radioimmunoassay (RIA). Thus, 
potency of the plasma renin was determined on the basis of the Al production. For this purpose, Renin RIA kit 
(RENIN' RIABEAD R ) manufactured by Dinabott was used. All of the reagents necessary for the measurement 
of the Al production were available from the attachmen t of the kit, and the measurement was conducted accord™ 
ing to the manufacturer's direction. 

—„To the plasma (0.2ml) were added all of the reagents, and the mixture was combined with either of sample- 
solutions (0.002ml) of various concentrations which had been prepared by dissolving a test compound in dif- 
ferent amount of ethanol. Ethanol (0.002ml) containing no test compound was used as a control solution. The 
amount of Al produced was measured after 60 minutes incubation. Renin inhibition potency. of test compound 
was determined by comparing the amount of Al produced by a sample solution with that produced by a control 
solution. The concentrations of the test compounds which inhibit renin activity by 50% (IC50) are summarized 
in Table 11. * 
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Table 11 Renin Inhibition in vitro 



Test Compound IC 5Q Test Compound IC 5Q Test Compound IC 5Q 
fF.xamole No . 1 Example No . > (Example No.) 



1 


6.09 


22 


39.2 


42 


13 


2 


5.87 


23 


2.07 


43 


0 . 51 


3 


4.44 


24 


1.56 


44 


1 . 53 


4 


3.21 


25 


3.17 


45 


0. 31 


5 


29.0 


26 


1.32 


46 


3.16 


6 


4.22 


27 


1.78 


47 


5 . 90 


8 


6.17 


28 


0.52 


48 


1 . 98 


9 


12.0 


29 


3.31 


49 


2. 34 


10 


10.9 


30 


1.07 


50 


14.8 


11 


9.1 


31 


11.6 


51 


4.51 


12 


4.56 


32 


6.72 


52 


1.69 


13 


53.9 


33 


4.65. 


53 


0.36 


14 


9.3 


34 


9.53 


55 


0.60 


15 


12.6 


35 


0.63 


56 


0.70 


16 


71.3 


36 


4.98 


57 


0.80 


17 


259 


37 


14.5 


58 


0. 19 


18 


22.8 


38 


39.2 


59 


0.41 


19 


3.75 


39 


7.52 


62 


1.24 


20 


7 .36 


40 


18.1 


64 


0.70 


21 


2.73 


41 


4.98 


69 


0.53 



(1 ) (KRI-1314) 21.3 

f2WES^6864\ 3 ...75 

IC 5Q : nM 
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(2) ES-6864 




1 Experiment 2 Potency in vivo. _ ________ , _____ __ __..__ 

Crab-eating monkeys (Cynomolgus monkeys) (2.8-5.0 kg) were fed on low sodium diet (Na 7.15mg/100g 
feed) for six days, during which the monkeys intramuscularly received furosemide (2mg/kg body weight) every 
other day from the second day of the experiment, in order to make the monkeys hyperrenin condition. 

After seven days of low sodium feeding, the monkeys were restrained on a monkey chair. Compounds to 
be tested are dissolved in 0.1 M citric acid/physiological saline or suspended in water with addition of p-cyc- 
lodextrin, and orally administered to the monkeys using a stomach probe (15mg/kg body weight). Two milliliters 
of blood was collected from the femoral vein before administration of the compounds and 0.5, 1.5, 2.5 and 4 
hours after the administration. For the blood collection, an injection syringe containing 30|al of 6% aqueous 
EDTA*2Na solution was used. The collected blood was transferred into a test tube and centrifuged (3000 rpm, 
10 minutes) at4°C, and the resultant supernatant was used to determine the renin content. Plasma renin activity 
(Al(ng)/ml/h value) was measured using a Radioimmunoassay kit commercially available from Dinabott Co. in 
the same manner as in the foregoing in vitro test. Renin inhibition potencies of the compounds tested, which 
were expressed as a percentage of renin activity relative to the activity before the administration, are listed in 
Table 12. 
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Table 12 



Compound 
Example No. 


Max 


Mean 


4h 


6h 


8h 


24h 


1 


33 


22 


22 








2 


49 


46 


49 








8 


60 


52 


60 








21 


55 


37 


55 








24 


99 


90 


77 


56 : 


42 


28 


26 


83 


71 


69 


99 






27 


81 


65 


81 


73 


64 


28 


28 


97 


74 


97 


89 


83 


53 


33 


95 


85 


68 


82 






35 


39 


30 


39 


23 


24 


14 


39 


46 


28 


12 








40 


44 


30 


44 








41 


95 


89 


87 


76 


54 


18 


43 


98 


86 


95 


83 


70 


11 


44 


99 


97 


91 


81 


71 


21 


47 


59 


47 


55 


6 


18 


34 


48 


98 


88 


88 


63 


33 


0 


49 


92 


84 


78 


72 


51 


12 


50 


93 


59 


58 


42 


29 


0 


51 


80 


48 


35 


0 


0 


0 


53 


96 


85 


94 




73 




56 


93 


72 


82 




85 




57 


100 


97 


89 




80 




58 


83 


71 


82 




6 7 





1) Administration rate of compound No. 1 is 30mg/kg. 

2) Furosemide was not administered in case of Nos . 2 and 8. 

The compounds of the invention which are not listed in Table 12 showed similar inhibition potencies. 

Vasodepressor activity of the compounds of the invention was also measured with direct technique using 
a conscious monkey, where a monkey was administered a compound of the invention orally or intravenously 
(a solution in Tween 20). The test results are shown in Table 13. 
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Table 13 



l^Uitl W>w U 1 1U 


I\ tti ■? n i cf t*j* +■ ■? nn 
fW~U ll-l- i 1 _L O L. x u UlUil 




ria x xitiuin 






img/ xg) 


reUUCcU DJr 








^ — tjJlUlLriLJ J 




^ • V • 










JO 


10 






10 


5 


43 


i • V . 


3 








1 


20 






0.3 


5 


44 


"i.y.. 


3 


20 






1 


8 






0.3 


5 



The above test results show that the compounds of the present invention have renin inhibition potency both 
in vitro and in vivo . 

The compounds of the invention are thus useful for the treatment of hypertension due to the renin inhibition 
when orally administered. However, other administration routes may be also effective. 

As discussed previously, the compounds of the invention can be formulated into a pharmaceutical compo- 
sition together with suitable carriers or excipients. When the compounds of the invention are used as. a hypoten- 
sive agent, suitable dosage is 0.01-50mg/kg/day in one to three divided does, preferably 0.05-1 Omg/kg/day, 
when orally administered, and 1-5000|ag/kg/day, preferably 5-500^ig/kg/day, when parenterally administered.' 



Claims 

1. A dipeptide derivative of formula (I): 




wherein: , 

R 1 is C r C 12 alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl, C 3 -C 10 cycloalkyl, aryl, or heterocyclic radical; 

R 2 is carbamoyl, aryl, 5- or 6-membered heterocyclic radical, C,-C 12 alkyl-S-, C r C 12 alkyl-S-CH 2 -, 
or C 3 -C 10 cycloalkyl-S-; 

R 3 is aryl of 5- or 6-membered heterocyclic radical; 

R 4 is R 4 '-S0 2 or R 4 '-CO; 

R 4 ' is aryl, d-C^ alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl; C 3 -C 10 cycloalkyl, or heterocyclic radical; 
X is CH 2 , NH, O, or S; and 

Y is CO or NHS0 2 wherein R\ R2, R3 and R 4 ' each may b substituted with one to three substituents 
select d ind pendently from a group consisting of hydroxy; halogen; trifiuoromethyl; -CN; heterocyclic 
radical; d-C 6 alkyl; C 3 -C 10 cycloalkyl; -0-d-C 6 alkyl; -S-d-C 6 alkyl; -SO-d-C e alkyl; -S0 2 -C r C 6 alkyl; 
C r C 6 alkylenedioxy; -CO-0-C r C 6 alkyl; -NHCO-d-C 6 alkyl; -NHS0 2 -d-d alkyl; -NR 5 R 6 ; -O-CO-NRSR*; 
-CO-NR5R6; -0-d-C 6 alkyl NR 5 R 6 ; R5 and R* are independently hydrogen, formyl or d-C 6 alkyl, or R* and 
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R 6 . when taken together with the nitrogen to which they are attached, form a cyclic amino group; or an 
acid addition salt thereof. 

A compound as claimed in Claim 1 wherein R 2 is optionally substituted 5- or 6-membered heterocyclic 
group; R 3 is optionally substituted aryl; R 4 is morpholinosulfonyl; and x is NH. 

A compound for the manufacture of the derivative of formula (I) of Claim 1 , said compound having the for- 
mula: 



wherein, R 1 is as defined in Claim 1, and R 7 is hydrogen or an amino protecting group. 

A process for the preparation of a compound as defined in Claim 1 of Claim 2 wherein Y is CO comprising 
at least the final step of the following reaction scheme: 
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Step 1 



5 
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Step 2 c 
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Step 4. 




0 0 BO 0 

[I A] 



wherein R 1 , R 2 , R 3 , R 4 and X are as defined in Claim 1, R 2 ' is protected R 2 and R 7 is an amino protecting 
group. 

A process for preparing a compound as defined in Claim 1 or Claim 2 wherein Y is NHS0 2 comprising at 
least the final step of the following reaction scheme: 



EP 0 468 641 A2 



Step 1 




0 0 HO 

[IB] 



wherein R 1 , R 2 , R 3 , R 4 and X are as defined in Claim 1 and R 7 is an amino protecting group. 
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6. A pharmaceutical preparation for use in the treatment of hypertension comprising a pharmaceutical^ 
effective amount of at least one compound as defined in Claim 1 or Claim 2 together with one or more 
pharmac utically acceptable carriers, diluents or excipients. 

7. The us of a compound as defined in Claim 1 or Claim 2 in the manufacture of a medicament for use in 
the treatment of hypertension. 

8. A process for carrying out a stereo selective aldol condensation between an aldelyde and a ketone wherein 
the reaction is carried out in the presence of a metal amide and a crown ether in an organic solvent and 
at a temperature in the range -10 to about -100°C. 

9. A process as claimed in Claim 8 wherein the amide is sodium bis-trimethylsilylamide (NaN(TMS) 2 ), the 
crown ether is 1 5-crown-5 and the temperature is about -78°C. 

Claims for the following Contracting State : ES 

1 . A process for the production of a pharmaceutical preparation for the treatment of hypertension comprising 
the step of admixing a pharmaceutically effective amount of at least one compound of the formula 




en 



wherein: 

R 1 is Ct-Ctt alkyl, C 2 -C 6 alkenyl, CVCe alkynyl, C 3 -C 10 cycloalkyl, aryl, or heterocyclic radical; 
R 2 is carbamoyl, aryl, 5- or 6-membered heterocyclic radical, C^C^ alky!-S-, C^C^ alkyl-S-CH 2 -, 
or C 3 -C 10 cycloalkyl-S-; 

R 3 is aryl of 5- or 6-membered heterocyclic radical; 
R 4 is R 4 '-S0 2 or R 4 '-CO; 

R 4 ' is aryl, Ci-C^ alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl; C 3 -C 10 cycloalkyl, or heterocyclic radical; 
X is CH 2 , NH, O, or S; and 

Y is CO or NHS0 2 wherein R 1 , R 2 , R 3 and R 4 ' each may be substituted with one to three substituents 
selected independently from a group consisting of hydroxy; halogen; trifluoromethyl; -CN; heterocyclic 
radical; C r C 6 alkyl; C 3 -C 10 cycloalkyl; -OC^C s alkyl; -S-C^Ce alkyl; -SO-C r C 6 alkyl; -S0 2 -C r C 6 alkyl; 
C^Ce alkylenedioxy; -CO-0-C r C 6 alkyl; -NHCO-C^Cg alkyl; -NHSOa-C^Ce alkyl; -NR 5 R 6 ; -0-CO-NR 5 R 6 ; 
-CO-NR 5 R 6 ; -0-C,-C 6 alkyl NR 5 R 6 ; R 5 and R 6 are independently hydrogen, formyl or C^-C 6 alkyl, or R 5 and 
R 6 , when taken together with the nitrogen to which they are attached, form a cyclic amino group; or an 
acid addition salt thereof together with one or more pharmaceutically acceptable diluents, excipients or 
carriers. 

2. A process as claimed in Claim 1 wherein R 2 is optionally substituted 5- or 6-membered heterocyclic group; 
R3 is optionally substituted aryl; R 4 is morpholinosulfonyl; and x is NH. 

3. A process for the preparation of a compound as defined in Claim 1 of Claim 2 wherein Y is CO comprising 
at least the final step of the following reaction scheme: 
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Step 4 




CIA] 



wherein R\ R 2 , R 3 , R 4 and X are as defined in Claim 1, R 2 ' is protected R 2 and R 7 is an amino protecting 
group. 

A process for preparing a compound as defined in Claim 1 or Claim 2 wherein Y is NHS0 2 comprising at 
least the final step of the following reaction scheme: 



109 



EP 0 468 641 A2 



Step 1 




[26] £12] 




wherein R 1 , R 2 , R 3 , R 4 and X are as defined in Claim 1 and R 7 is an amino protecting group. 

The use of a compound as defined in Claim 1 or Claim 2 in the manufacture of a medicament for use in 
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the treatment of hypertension. 

6. A process for carrying out a stereo selective aldol condensation between an aldelyde and a ketone wherein 
the reaction is carried out in the presence of a metal amide and a crown ether in an organic solvent and 

5 at a temperature in the range -10 to about -100°C. 

7. A process as claimed in Claim 8 wherein the amide is sodium bis-trimethylsilylamide (NaN(TMS) 2 ), the 
crown ether is 15-crown-5 and the temperature is about -78°C. 

10 Claims for the following Contracting States: GR 

1 . A process for the production of a pharmaceutical preparation for the treatment of hypertension comprising 
the step of admixing a pharmaceutical^ effective amount of at least one compound of the formula 
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wherein: 

R 1 is C r C 12 alkyl, Cz-Ce alkenyl, CVC© alkynyl, C 3 -C 10 cycloalkyl, aryl. or heterocyclic radical; 
25 R 2 is carbamoyl, aryl, 5- or 6-membered heterocyclic radical, C r C 12 alkyl-S-, C r C 12 alkyl-S-CH r , 

or C 3 -C 10 cycloalkyl-S-; 

R 3 is aryl of 5- or 6-membered heterocyclic radical; ' 
R 4 is R 4 '-S0 2 or R 4 '-CO; 

R 4 ' is aryl, C r C 12 alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl; C 3 -C 10 cycloalkyl, or heterocyclic radical; 

30 X is CH 2 , NH, O, or S; and 

Y is CO or NHS0 2 wherein R\ R 2 t R 3 and R 4 ' each may be substituted with one to three substituents 
selected independently from a group consisting of hydroxy; halogen; trifluoromethyl; -CN; heterocyclic 
radical; C,-C 6 alkyl; C 3 -C 10 cycloalkyl; -0-C r C 6 alkyl; -S-C r C 6 alkyl; -SO-C^Ce alkyl; -SCVC^Ce alkyl; 
d-C 6 alkylenedioxy; -CO-O-d-Ce alkyl; -NHCO-C^Ce alkyl; -NHSO^d-Ce alkyl; -NR 5 R 6 ; -0-CO-NR5R8; 

35 -CO-NR 5 R 6 ; -O-C^Ce alkyl NR 5 R 6 ; R 5 and R 6 are independently hydrogen, formyl or C^0 6 alkyl, or R5 and 

Re, when taken together with the nitrogen to which they are attached, form a cyclic amino group; or an 
acid addition salt thereof together with one or more pharmaceutical ly acceptable diluents, excipients or 
carriers. 

40 2. A process as claimed in Claim 1 wherein R 2 is optionally substituted 5- or 6-membered heterocyclic group; 
R 3 is optionally substituted aryl; R 4 is morpholinosulfonyl; and x is NH. t - 

3. A process for the preparation of a compound as defined in Claim 1 of Claim 2 wherein Y is CO comprising 
at least the final step of the following reaction scheme: 
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wherein R 1 , R 2 , R 3 , R 4 and X are as defined in Claim 1,'R 2 ' is protected R 2 and R 7 is an amino protecting 
group. 

A process for preparing a compound as defined in Claim 1 or C|aim 2 wherein-Y is NHS0 2 comprising at 
least the final step of the following reaction scheme: 
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wherein R\ R 2 , R 3 , R 4 and X are as defined in Claim 1 and R 7 is an amino protecting group. 
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5. Th use of a compound as d fined in Claim 1 or Claim 2 in the manufacture of a medicament for use in 
the tr atment of hypertension. 

6. A process for carrying ut a stereo selective aldol condensation between an aid lyde and a ketone wherein 
the r action is carried out in the presence of a metal amide and a crown ether in an organic solvent and 
at a temperature in the range -10 to about -100°C. 

7. A process as claimed in Claim 8 wherein the amide is sodium bis-trimethylsilylamide (NaN(TMS) 2 ), th 
crown ether is 15-crown-5 and the temperature is about -78°C. 

8. A compound for the manufacture of the derivative of formula (I) of Claim 1, said compound having the for- 
mula: 




wherein, R 1 is as defined in Claim 1 f and R 7 is hydrogen or an amino protecting group. 
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